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EXECUTIVE SUMMARY 
Several previous studies, either directly or in some cases indirectly, have focused on ground-
water quality in the Lake Calumet area of southeast Chicago. Each of these studies focused on 
specific aspects of the environmental concerns of the area. None of them provide an in-depth 
comprehensive evaluation of the ground-water quality. The purpose of this report is to present 
the results from a preliminary assessment of ground-water quality in the Lake Calumet area. In 
addition, a strategy for the design of a monitoring well network in the Silurian dolomite aquifer 
is presented. 
The geology of the Lake Calumet area is characterized by an average of about 75 feet of 
glacial drift, including surficial deposits of late glacial Lake Chicago, above the Silurian dolomite 
bedrock. However, the drift ranges from just a few feet thick about 2 1/2 miles north of Lake 
Calumet at Stony Island to as much as 115 feet thick just to the east of the lake. Local relief is 
generally on the order of 10 to 20 feet, although landfilling has raised the relief in some areas 
to over 100 feet 
Ground-water use within the 39 square mile area around Lake Calumet is sparse and 
continuing to decline. Almost all of the water use in the region is supplied by surface water from 
Lake Michigan. There are records of 80 wells which at one time used ground water from the 
Silurian dolomite aquifer. As of 1990, approximately 30 wells are known to be actively pumping 
water from the Silurian dolomite. Although not a prolific aquifer over much of the area, the 
Silurian dolomite has been a valuable water supply going back to the turn of the century. 
Conversely, only 2 wells were found which utilize the shallow unconsolidated deposits of the area. 
Ground-water flow within the unconsolidated deposits of the Lake Calumet area is 
intrinsically connected to the surface waters, streams, rivers, lakes, and wetlands. However, the 
shallow ground-water flow has been highly altered from its natural state because of the large 
amount of fill material of varying permeabilities deposited over most of the region. Currently 
there is insufficient information on the location, thickness, and hydraulic properties of surficial 
materials, principally the Dolton Sand and fill deposits, to determine specific ground-water flow 
directions and velocities. Factors which modify the natural ground-water flow regime include high 
elevation landfilling, channelization of rivers and their tributaries, filling in of surface-water 
features, sewer and ditch construction, and the presence of large impervious urban areas 
(Fitzpatrick and Bhowmik, 1990). 
Under natural conditions, ground-water flow within the Silurian dolomite aquifer underlying 
the region is towards the southeast, following the regional dip of the Silurian formations. 
Ground-water flow directions determined for the Silurian dolomite as part of the Tunnel and 
Reservoir Project (TARP) (Keifer and Associates, Inc., 1976) clearly show that in 1975 the 
regional movement of ground water was east and southeast toward Lake Michigan and 
northwestern Indiana. For comparison, water-levels were measured in 79 wells during December, 
1989, and a potentiometric surface map created. Based on the 1989 ground-water levels, it can 
be concluded that ground-water movement in the dolomite aquifer is more complex than it was 
in 1975. Three principal areas of diversion appear to dominate ground-water flow within the 
1 
dolomite aquifer, decreasing the amount of ground water which flows toward, and eventually into, 
Lake Michigan. The three diversion areas are located on the east side of Lake Calumet, along 
the Calumet System tunnel, and along the Illinois-Indiana State line. 
Ground-water quality information for the shallow unconsolidated deposits is limited to a 1983 
study by the IEPA (IEPA, 1986a) and data obtained from 17 regulated facilities. Seventeen 
ground-water samples analyzed by the IEPA in 1983 did not reveal widespread ground-water 
contamination by volatile organic compounds (VOCs) or toxic trace metals. Two sites had 
indications of VOC contamination and the only trace metal constituents which appeared in 
detectable quantities in most of the samples were iron and manganese. Conversely, ground-water 
quality data obtained from the 17 regulated facilities showed that a minimum of 6 sites may have 
had significant organic and/or trace metal contamination of the ground water in at least one 
monitoring well. 
Ground-water quality information for the Silurian dolomite aquifer was obtained from three 
sources: 1) IEPA data from 11 regulated facilities; 2) previous water quality analyses performed 
by various agencies on 14 private and public supply wells between 1984 and 1989; and 3) water 
quality analyses performed by the ISWS on 16 private and public supply wells during the Spring 
of 1990. In addition, three new monitoring wells were installed for obtaining ground-water 
samples in locations where no other Silurian dolomite wells could be. found. 
Although trace metal and/or organic contaminants were detected in at least one sample from 
a monitoring well at 5 of the 11 regulated facilities, no similar levels of contamination were 
detected in samples from the private and public supply wells. Significant concentrations of 
organic compounds were detected in ground water from only two of the 14 private and public 
supply wells tested for organics between 1984 and 1989. These two wells, located less than 200 
feet apart, had phenol levels of 29 and 12 µg/L. Toluene and benzene concentrations of 7 and 
1.5 µg/L, respectively, were also found in the second well. These two wells were subsequently 
sealed and unavailable for resampling. 
Results of the Spring, 1990, ground-water sampling of 16 wells are encouraging. Of 21 VOCs 
determined in samples from 12 wells, all were below 1 µg/L. In addition, the only trace metals 
detected in samples from 19 wells were copper, iron, lead, manganese, and zinc. Arsenic, 
cadmium, chromium, mercury, and nickel were below the method detection limit in all of the 
samples. Lead was detected in only one sample, at a concentration of 42 µg/L, which is below 
drinking water standards. 
Although inorganic and organic contaminants have been detected in a few ground-water 
samples from the Silurian dolomite aquifer in both water-supply wells and monitoring wells, it is 
unlikely that the contamination is attributable to natural ground water transport through geologic 
materials overlying the bedrock aquifer. More likely occurrences of ground-water contamination 
within the Silurian dolomite can be attributed primarily to manmade influences which result from 
excavations that bypass the natural geologic protection provided by the thick sequences of clayey 
drift deposits which mantle the Silurian dolomite over most of the Lake Calumet area. These can 
be numerous and diverse. One of the most likely routes of contaminant transport are wells, 
especially improperly constructed or abandoned water-supply wells, monitoring wells, and 
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observation wells. Another potential source includes underground civil facilities which create 
underground excavations such as the TARP tunnels and shafts. In contrast to the former 
category, the potential for contamination in the TARP tunnels was addressed in its planning and 
design stages. Extensive grouting requirements and maintaining a positive hydraulic gradient from 
the aquifer to the tunnel are design features incorporated to address this potential. Concrete 
linings, where appropriate, afford additional protection. 
In order to assess long term changes in ground-water quality within the Silurian dolomite, 
several of the dolomite wells sampled during this study should be periodically resampled. Should 
degradation of ground-water quality occur in any of the sampled wells, a more detailed study 
within that area can be conducted to assess the source(s) of contamination. A temporay strategy 
for collecting ground-water samples from the Silurian dolomite aquifer is outlined in this report 
However, this strategy should not be construed as an optimal design for detecting contamination 
or changes in ground-water quality. Ideally, implementation of a ground-water monitoring 
program requires the placement of dedicated monitoring wells based on geostatistical analyses of 
ground-water quality data and a representative conceptual model of the ground-water system. 
Based on the absence of ground-water contamination in a limited number of water samples 
collected from the Silurian dolomite aquifer, it is recommended that future ground-water studies 
be directed towards further investigating the hydrology and ground-water quality of the shallow 
unconsolidated deposits of the Lake Calumet area and their interaction with surface waters. 
Available geologic and hydrologic data on the surficial unconsolidated deposits, including fill, of 
the area is currently inadequate for prediction of the transport and fate of contaminants. 
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INTRODUCTION 
Purpose of Study 
The Lake Calumet area of Chicago's southeast side has been exposed to a wide range of 
industrial contaminants since the 1860's. For the past several decades the area has also been 
increasingly used for waste disposal. Dozens of operating or retired waste-handling facilities are 
present throughout the area. According to Wenner (1987), the 31 square miles surrounding Lake 
Calumet, bounded by 95th Street, Sibley Boulevard, King Drive, and the Indiana state line, 
probably contain more hazardous substances than any other area of equivalent size in the state 
of Illinois. 
The existence of so many potential and actual sources of contamination within the Lake 
Calumet area pose a significant risk of contamination to both surface and ground water on a 
regional scale. Although the surficial geologic materials of the region, comprised of glacial 
sediments, are no longer used as a ground-water supply, they are hydraulically connected to both 
surface waters (wetlands, streams, and lakes) and ground water in the underlying Silurian aged 
dolomite aquifer (Silurian dolomite). The Silurian dolomite underlies the unconsolidated deposits 
over most of northeastern Illinois and adjacent Indiana. Outside of the Lake Calumet area the 
Silurian dolomite has been a major source of water for domestic, commercial, industrial, and 
public water supplies, although reliance on this source of ground water will continue to decrease 
as more municipalities receive their water supply from Lake Michigan. 
Beginning in the mid-1980's, several regional environmental assessments have been inititated 
on the contamination associated with the Lake Calumet area. The first of these, completed by 
Colten (1985), looked at contamination in the area from a historical perspective. The report 
attempted to document types of industries that operated from 1869 to 1970, their by-products, 
quantities of waste produced, and in what manner and location the wastes were disposed. 
In 1986, the Illinois Environmental Protection Agency (IEPA) completed an assessment of 
environmental pollution and public health impacts in the Lake Calumet Area (IEPA, 1986a). 
Pollution impacts from water, air, and land were investigated and a public health study conducted. 
Although time and resources for this study were limited, the major purpose of this study was to 
develop a baseline of environmental data for subsequent assessments of environmental quality and 
public health. In addition, the IEPA report recommended eleven options for further study, which 
called for a more thorough understanding of existing conditions and the potential threat to human 
health (Shafer et al., 1988). 
Another environmental assessment of the Lake Calumet area was conducted in 1987 by Ross 
et al. (1988). This multidisciplinary study was funded by the Illinois Department of Energy and 
Natural Resources (DENR) through the Hazardous Waste Research and Information Center 
(HWRIC). Biological, chemical, and physical processes affecting the distribution of contaminants 
in and around Lake Calumet were considered. Seven individual studies were compiled and 
evaluated in the report, and recommendations for further research were made (Shafer et al., 
1988), 
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Concern over the environmental quality in southeast Chicago motivated the Illinois General 
Assembly to establish the Joint Committee on Hazardous Waste in the Lake Calumet Area. In 
a December 2, 1987 report by the committee (Joint Committee on Hazardous Waste in the Lake 
Calumet Area, 1987) it was stated that surface and ground-water contamination were a significant 
and growing problem. Several recommendations were made in the report for addressing surface 
and ground-water contamination. In response to the committee's recommendations, the Ground-
Water and Surface-Water Sections of the Illinois State Water Survey (ISWS) prepared parallel 
proposals for evaluating the water resources of the region. The two proposals, by Bhowmik and 
Fitzpatrick (1988) and Shafer et al. (1988), were for five year comprehensive studies aimed at 
evaluating and modeling the occurrence, transport, and fate of contaminants both within and 
between the ground and surface-water resources of the region. 
Although neither of the above proposals were funded in their entirety, one-year studies of 
both surface water and ground water in the Lake Calumet area were initiated in FY 1989. 
Funding for the Surface-Water Section was provided by HWRIC, resulting in the most detailed 
study of surface-water movement and contaminant transport to date for the Lake Calumet area 
(Fitzpatrick and Bhowmik, 1990). 
Similarly, the Ground-Water Section of the ISWS was sponsored by the IEPA to conduct a 
16 month study to initiate a comprehensive ground-water quality investigation of the Lake 
Calumet area and surrounding region. Two study phases were completed as part of this initial 
investigation. The first phase was to conduct a preliminary assessment and assimilation of existing 
data and information regarding both the geologic and hydrologic framework of the ground-water 
system in the study area. Included in this first phase was development of a database, base maps, 
and geographic information system coverages of spatially distributed information. The review and 
compilation of geologic information for the region was conducted by the Illinois State Geological 
Survey (ISGS). They also participated in interpreting the hydrogeology of the region. 
The second phase of the ground-water quality investigation was to apply the results of the 
first phase to the development of a conceptual model of the ground-water system and an initial 
assessment of ground-water quality in the Lake Calumet area. To provide a better definition of 
ground-water movement within the Silurian dolomite aquifer, ground-water levels were measured 
in 79 wells within the study area. Based on both the conceptual model and the assessment of 
ground-water quality, an initial strategy has been developed for monitoring ground-water quality 
in the Silurian dolomite aquifer within the Lake Calumet area. 
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BACKGROUND 
Location and Geography of the Study Area 
The study area is located within southern Cook County, Illinois. An approach has been 
taken in which a bi-level study area is defined, whereby both a larger area and a smaller area are 
researched in lesser and greater detail, respectively. The larger area, identified for less detailed 
study, is approximately 169 square miles and encompasses Townships 36 and 37 N. and Ranges 
13, 14, and 15 E. The smaller area, identified for more intensive study, is approximately 39 
square miles and is contiguous with the Lake Calumet 7-1/2 minute quadrangle map, south of 
Township 38 N. Major surface water features, highways, and municipalities within both the full 
study area and the smaller area are shown in figure 1. 
Topographically, the study area was historically flat-lying and poorly drained, as marked by 
the widespread existence of wetlands over much of the area prior to urban development Natural, 
pre-landfilled, topographic relief was less than 10 feet A unique exception to the flat topography 
is a geologic outcrop that protrudes just north of 95th Street This knoll marks the location of 
Stony Island, an important geologic feature in the formation of Lake Calumet (Shafer et al., 
1988). 
With the advent of industrialization and the need for economical and nearby waste disposal 
in the late 1800's, the lakes, wetlands, and vacant lands of the area were increasingly used as 
dumping-grounds. Oftentimes low-lying areas were completely filled in. After 1940, land disposal 
became the most widely accepted and economic means of waste disposal for most wastes, both 
solid and liquid (Ross et al., 1988). Today, large landfills occupying hundreds of acres rise tens 
of feet above the surrounding land, changing drainage patterns of both ground and surface waters. 
Land use within the area of intensive study, obtained from a database created by the U.S. 
Geological Survey (Fegeas et al., 1983), is shown in figure 2. Over 75 percent of this area is 
urban, with the remaining area classified as predominantly open water, wetland, forest, or barren. 
Most of the barren area is occupied by current or historic waste disposal sites. 
The area classified under urban land use in figure 2 has been further subdivided in figure 3 
into residential, commercial, industrial, and transportation land uses. Industrial and residential 
land use dominate the area, although commercial and transportation also have a significant 
presence. 
Visual Survey of the Study Area 
An essential element to the development of a conceptual understanding of the ground-water 
system of the study region is gaining familiarity with the area through site surveys. Although 
geographic information system database development provides knowledge of data availability and 
is essential to future design of an effective monitoring strategy, the importance of conducting 
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Figure 1. Map of the study area, with the area of intensive study 
centered on Lake Calumet delineated 
8 
Figure 2. General land use within the Lake Calumet area 
9 
Figure 3. Urban land use within the Lake Calumet area 
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site visits to the field area cannot be over-emphasized. Visual surveys also provide verification 
of some of the elements to be incorporated in the geographic information system database. 
The primary visit to the field area, conducted on September 21, 1989, focused on touring the 
major waste disposal sites around the Lake Calumet region. The principal sites visited included 
the International Port Authority (future planned site for disposal of PCB laden dredge deposits), 
Illinois Scrap, Wisconsin Steel, Acme Steel, Paxton Ave. Lagoons, Chemical Waste Management 
SCA Incinerator, illegal dump sites along Stony Island Avenue, Paxton 1 and 2 landfills, CID 
landfill, and Land and Lakes 1, 2, 3 and Dolton landfills. An additional visit to two of these sites, 
the SCA Incinerator and the CID landfill, was conducted on May 5, 1989. An official from 
Waste Management, Inc., the owner of these sites, provided a full tour of these facilities. 
Two additional visits to the study region focused on locating abandoned wells owned by the 
Metropolitan Water Reclamation District of Greater Chicago (MWRDGC). The wells of interest 
were located both south of the area of intensive study, near Dolton, Calumet City, and Lansing, 
and on the east side of Lake Calumet, along Torrence Avenue and Avenue O. These visits were 
aimed at both gaining familiarity with field conditions in the area and assessing the accuracy and 
usefulness of some of the information within the study database. 
As part of the second study phase, a substantial field effort was conducted to inventory wells 
to be used for water-level measurements and/or water-quality sampling. Well locations for both 
ground-water level measurements and sampling are presented in the chapters on hydrology and 
ground-water quality. 
Previous Regional Ground-Water Studies 
Geologic and hydrologic data on the unconsolidated and shallow bedrock deposits of the 
study region are required in order to understand the rate and direction of ground-water flow and 
subsurface contaminant movement. Previous studies of the ground-water resources, both quantity 
and quality, in northeastern Illinois by Zeizel et al. (1962), Prickett et al. (1964), and Sasman et 
al. (1981) have focused on areas adjacent to, but not including, the study area. These studies 
generally did not look at the shallow aquifers in the study area because most ground-water 
pumpage was historically from the Cambrian-Ordovician aquifer. However, the information 
presented on the Silurian dolomite aquifer in both DuPage County and the Chicago Heights area 
is important in establishing a base of hydrologic information with which to compare data derived 
from this study. These studies will be discussed in greater detail later in the report 
The greatest detail of information on the hydrogeology of the Silurian dolomite aquifer is 
derived from two sources, the Metropolitan Water Reclamation District of Greater Chicago's 
(MWRDGC) deep tunnel studies and ground-water monitoring data derived from federal and 
state regulatory activities. The studies for the deep tunnel, known as the Tunnel and Reservoir 
Project (TARP), were conducted primarily during the 1960's and early 1970's. Extensive geologic 
and hydrologic information on the Silurian dolomite aquifer, including boring logs, specific 
capacity tests, geologic maps, and water-level maps, were compiled. However, very little ground-
water quality data were collected. The primary references used from the TARP studies pertaining 
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to geology, hydrology, and ground-water quality, and discussed in later chapters, are by the 
MWRDGC (1978, 1979), USEPA (1976), Harza Engineering Company (1972a, 1972b), Harza 
Engineering Company and Bauer Engineering Company (1966, 1968), Rood Control 
Coordinating Committee (1972), Seismograph Service Corporation (1968), and Keifer and 
Associates, Inc. (1976). 
Ground-water monitoring data derived from regulatory activities at waste disposal sites 
provides the greatest amount of ground-water quality information for the dolomite aquifer. In 
some cases detailed geologic and hydrologic information has also been collected, depending on 
the regulatory activities governing the waste disposal site. Unfortunately, the data are for a 
limited area and confidence in them varies greatly. 
Availability of information on the geology, hydrology, and ground-water chemistry of the 
unconsolidated deposits is generally lacking outside of data collected through regulation of waste 
disposal sites, although some information was collected as part of a study by the IEPA (1986a). 
The unconsolidated deposits in the study region, and in particular the area identified for more 
detailed study, have generally not been used as a source of ground water. 
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GEOLOGY OF THE LAKE CALUMET REGION 
General Setting and Procedures 
The Lake Calumet quadrangle, located in the Chicago Lake Plain subdivision of the Central 
Lowland Physiographic Province, is characterized by an exceptionally flat topography. The lake 
plain, once the floor of glacial Lake Chicago, has low, gently sloping ridges, generally less than 
10 feet high, that were once spits and bars in the lake. Local relief, on the order of 10 to 30 feet, 
is related to different levels of Lake Chicago, except where two Silurian bedrock mounds, 
Thornton and Stony Island reefs, rise 20 to 25 feet above the surrounding lake plain, the former 
just to the south of the Lake Calumet Quadrangle. Land surface elevations within the 
quadrangle range from about 580 feet (578.5 low water datum) to 610 feet 
Numerous reports have been published on the geology and hydrogeology of the Chicago 
region. The most comprehensive of these are by Bretz (1939, 1955), Suter, et al. (1949) and 
Willman (1971). These reports provide background for this study. 
Data on the geology for the Lake Calumet and adjacent 7½ minute quadrangles were 
compiled in order to provide the necessary detailed information to evaluate the hydrogeologic 
conditions relative to the potential for ground-water and surface water contamination. Well and 
boring locations were verified where possible and only the most reliable data were used. From 
this data, lines of cross sections were established (figure 4) for the area and six cross sections of 
the glacial deposits above the bedrock were prepared (see figure 5, pages 16-17). Maps detailing 
the bedrock topography and glacial drift thickness were constructed for the Lake Calumet 
Quadrangle (figures 6 and 7). 
Geologic Framework 
An average of 75 feet of glacial drift, including surficial deposits of late glacial Lake Chicago 
(Equality Formation), cover Silurian dolomite bedrock in the Lake Calumet Quadrangle. 
However the drift ranges from a few feet thick about 2½ miles north-northeast of Lake Calumet 
(Stony Island) to 115 feet thick just east of Lake Calumet (see drift thickness map, figure 7 and 
cross sections, figure 5). The Stony Island reef lies just below land surface in Section 1, T.37N., 
R.14E. Cook County where exposures of the Silurian rocks have been reported. 
The Silurian dolomite has a maximum thickness of about 450 feet in the Lake Calumet area. 
The dolomite in this area is characterized by large reefs in which the dolomite is exceptionally 
pure, and frequently vuggy (numerous small openings). The surface of the Silurian was 
weathered and eroded prior to and during glaciation leaving a surface that reflects in part these 
processes, including the loosening and opening up of joints and fractures in the rocks. 
The surface of the bedrock (figure 6) has a relief of approximately 100 feet both in the Lake 
Calumet Quadrangle and in adjacent quadrangles. In the Lake Calumet Quadrangle the bedrock 
is highest in the Stony Island area and lowest along the Indiana border just east of Lake Calumet. 
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Figure 4. Lake Calumet area showing selected cultural features and lines of cross section 
14 
The range in thickness of the glacial deposits overlying the bedrock in the Lake Calumet 
Quadrangle is shown in figure 7. As is common with a relatively flat land surface, the variation 
in thickness of the surficial deposits primarily reflects the highs and lows of the bedrock surface. 
The drift is very thin or absent around Stony Island where the bedrock is exposed (and quarried) 
and is at an elevation of 600 feet The thickest drift (115 feet) is present over a bedrock valley 
just east of Lake Calumet 
The deposits overlying the bedrock consist of at least two glacial tills (Lemont and 
Wadsworth) overlain by deposits of glacial Lake Chicago (Equality Formation). The sequence 
and distribution of these deposits are illustrated by six cross sections (figure 5), three east-west 
(A-B, C-D, E-F) and three north-south (G-H, I-J, K-L). 
Silt and clay of the Carmi Member of the Equality Formation were once prominent at the 
surface in the Lake Calumet area, but much of this material has been replaced by and/or covered 
with fill. The Dolton Member of the Equality Formation comprise the spits and bars formed in 
Glacial Lake Chicago, consisting predominantly of sand. Although locally the Equality Formation 
is up to 40 feet thick, it is generally less than 20 feet thick and in many areas of the lake plain 
it is absent 
The Equality Formation is underlain by fairly uniform, gray silty clay diamicton (non to poorly 
sorted sediment with a wide range of particle sizes), mainly glacial till, of the Wadsworth Till 
Member of the Wedron Formation. The Wadsworth Till Member ranges from 15 to 40 ft thick. 
The Wadsworth is underlain by Lemont drift (Wedron Formation), which is a highly variable unit 
that contains silty, gravelly diamicton interbedded with silt sand, and gravel Rubbly, gravelly 
sand and diamicton of the Lemont generally overlie bedrock. The Lemont drift is typically much 
harder and has a lower water content (less than 12%) than the overlying Wadsworth Till 
Member. The Lemont drift ranges from 10 to 60 feet thick. 
Summary of Hydrogeologic Conditions 
The establishment of a generally predictable sequence of materials in the Lake Calumet area 
provides a basis for evaluating the potential for contamination of ground water in the area. Since 
contaminants that are carried by water can infiltrate into the materials in which they are placed, 
the relative permeability of materials and the presence of aquifers are primary considerations for 
evaluating contamination potential. 
In the Lake Calumet area the Silurian dolomite is the only significant aquifer that has the 
potential to become contaminated from surface waste sources. Based on well records from this 
area, the Silurian rocks are the source of water supplies for numerous wells. Most of these wells 
are finished in the upper 100 feet of the Silurian and much of the water entering these wells 
probably comes from the fractured upper part of the Silurian, directly below the glacial tills. 
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Figure 5. Cross sections of glacial deposits in the Lake Calumet area; 
a) A-B, C-D and E-F are west to east; b) G-H, I-J and K-L are north-south 
showing wells and borings used TD indicates total depth of well 
Figure 6. Topography of the bedrock surface in the Illinois portion of the Lake Calumet Quadrangle 
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Figure 7. Glacial drift thickness in the Illinois portion of the Lake Calumet Quadrangle 
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There appear to be no significant sand and gravel aquifers within the glacial materials 
although sand, gravel and cobble zones occur locally within the Lemont drift However, a rather 
extensive distribution of sands of the Dolton Member are shown in several of the cross sections 
(fig. 5), which confirms previous mapping (Bretz, 1955 and accompanying maps, Willman, 1971). 
There are records of shallow wells finished in these deposits that have been used for yard 
watering, etc. 
Data suggest that the Wadsworth Till Member and the Lemont drift together provide 
protection for the Silurian dolomite aquifer. The Wadsworth Till is clay rich and might be 
expected to have matrix hydraulic conductivities of less than 1 x 10-6 cm/sec. While the Lemont 
drift is more highly variable than the Wadsworth and is primarily a gravelly and silty material, it 
is very hard and dense and also appears to inhibit vertical groundwater movement In the area 
where bedrock is high (e.g. Stony Island area) and the tills are thin or absent, there may be little 
protection from contaminants entering the fractures within the dolomite. It is these areas that 
are particularly vulnerable to potential contamination. 
One additional point should be made. The Equality Formation Dolton Member allows for 
relatively rapid recharge into the shallow local ground-water system because it is predominantly 
a high permeability sand that covers substantial portions of the area. However, because of the 
relatively lower permeability of the underlying tills, the Dolton may provide for rapid spatial 
spreading in the subsurface and relatively rapid transport of shallow ground water to discharge 
points, and therefore transport of contaminants into surface waters. 
To summarize, our preliminary assessment of the hydrogeologic setting suggests that the thin 
drift areas may have the greatest potential for natural infiltration of contaminants into the 
Silurian dolomite aquifer. On the other hand, the Dolton Member potentially provides for both 
rapid spatial spreading in the subsurface and relatively rapid transport of contaminants into the 
surface waters of the Lake Calumet area. 
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GROUND-WATER HYDROLOGY 
The two shallow aquifers that are present in the study area are the Dolton Member of the 
Equality Formation, referred to here as the Dolton Sand, and the Silurian dolomite. For all 
practical purposes the Dolton Sand is too discontinuous and contaminated to serve as a ground-
water supply. The Silurian dolomite, however, has been both in the past and continues to be a 
significantly important aquifer within northeastern Illinois and adjacent states. Locally, within the 
Lake Calumet area, it is still utilized on a small scale for a variety of water needs. 
Sources of information on the hydrology of the Dolton Sand and underlying till deposits in 
the Lake Calumet area are limited. The major source of information is from state and federally 
regulated waste disposal facilities. Much of the information on the shallow dolomite aquifer is 
also from these sources, although data from regional studies and from TARP research is more 
comprehensive. 
Ground-Water Use 
Ground-water supplies in Cook County are derived from glacial drift wells, shallow bedrock 
(Silurian dolomite aquifer) wells, and deep bedrock (Cambrian-Ordovician aquifers) wells. 
According to Suter et al. (1959), in 19S7 the shallow dolomite aquifer supplied an estimated 33 
percent of the 48.4 million gallons per day (mgd) of ground-water withdrawn in Cook County. 
Glacial drift aquifers supplied about 1 percent and deep aquifers 66 percent of the total ground 
water withdrawn. Total ground-water withdrawals from shallow aquifers was approximately 16.5 
mgd. 
In a report by Sasman et al. (1974) on ground-water pumpage in northern Illinois, total 
pumpage for Cook County in 1970 was estimated at 98.2 mgd. Of that total, pumpage from 
glacial drift, shallow dolomite, and deep bedrock wells accounted for approximately 4, 37, and 59 
percent, respectively. Kirk (1987) estimated ground-water pumpage for Cook County, excluding 
rural domestic and livestock, at 66.1 mgd in 1986. Pumpage from glacial drift accounted for 5.2 
percent, shallow dolomite accounted for 38.5 percent, and deep bedrock accounted for the 
remaining 56.3 percent of ground-water withdrawals. 
As a percentage of total water use from both surface water (i.e., Lake Michigan) and ground 
water in Cook County, pumpage from the glacial drift and shallow dolomite, excluding rural 
domestic and livestock pumpage, accounted for 1.1 percent of water withdrawals in 1986 (Kirk, 
1987). Ground-water pumpage from all sources accounted for 2.6 percent of total water 
withdrawals in 1986, down from 4.9 percent of total withdrawals in 1984 (Kirk et al., 1984). The 
percentage of ground-water used in Cook County relative to total water use is expected to 
continue to decline as Lake Michigan water allocations continue to expand during the 1990's. 
Of the approximately 954 square mile area of Cook County, the area encompassed by the 
larger study area, shown in figure 1, accounts for about 18 percent Although the previous 
pumpage figures were for the full county, the ground-water withdrawal trends are generally 
applicable to the study area as well. More specific ground-water withdrawal information, 
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categorized by aquifer, township-range, and public versus industry use, is shown for the period 
1980 through 1988 in table 1. No withdrawals are listed for glacial drift aquifers because 
pumpage in this area is negligible. Irrigation, domestic and livestock ground-water use are not 
included. 
As seen in the table, pumpage from both the Silurian dolomite and Cambrian-Ordovician 
aquifers has declined significantly from 1980 through 1988, principally because of Lake Michigan 
water allocations. However, the table also shows that the Silurian dolomite aquifer has been, and 
continues to be, a viable source of ground water in the study region. In addition, much of the 
ground-water use from the Silurian dolomite aquifer, in the form of domestic water well use, is 
not displayed on this table. In excess of 900 domestic wells (on file at the ISWS), and probably 
many more undocumented wells, still utilize the Silurian dolomite aquifer as a source of water. 
It should be noted, however, that in the more intensively studied area around Lake Calumet 
ground-water pumpage from the Silurian dolomite is negligible, supplying about 30 industrial, 
commercial, conservation, park, and domestic supply wells. 
Utilizing well records obtained from the ISWS, EEPA, USEPA, MWRDGC, and other 
miscellaneous sources, an automated database was developed to track all of the known wells 
within the study area. The database includes listings of approximately 2,027 wells of all types 
within the unconsolidated deposits, shallow bedrock (Silurian dolomite aquifer), and deep bedrock 
(Cambrian-Ordovician aquifers). Tables 2, 3, and 4 provide a breakdown of the well data by 
information source, well use, and well installation dates, respectively. Numbers of wells in both 
the full study area and the more detailed area around Lake Calumet are provided for comparison 
purposes. As seen in table 2, almost all of the public, industrial, commercial, and domestic well 
data was derived from the ISWS's PICS file and well log files. Additional data, predominantly 
observation and monitoring well information, was derived from the MWRDGC and the IEPA. 
Within the more intensively studied area around Lake Calumet there are records of only 80 
wells which at one time used ground water from the Silurian dolomite aquifer (table 3). Of these 
80 wells, 47 were used for commercial, industrial, and irrigation uses. Only 23 were used for 
domestic, conservation, park, or school uses. As of 1990, approximately thirty wells are known 
to be actively pumping water from the Silurian dolomite aquifer in the area around Lake 
Calumet Of those wells, an estimated seven or eight are being used by marinas for commercial 
use along the Calumet and Little Calumet Rivers, seven are for commercial uses other than 
marinas, half-a-dozen are for domestic use, three for industrial use, one for irrigation, and five 
for public use at forest preserves. Several more active wells would likely be found in the area 
given further field reconnaissance work. Although some of the commercial and all of the 
industrial wells are for non-potable supplies, during the course of a year thousands of people 
drink water from the Silurian dolomite aquifer one or more times. Although not a prolific aquifer 
over much of the area around Lake Calumet, the Silurian dolomite has been a viable aquifer 
going back to the turn of the century (table 4). 
Unlike the Silurian dolomite aquifer, there are almost no records of water-supply wells 
installed in the unconsolidated deposits of the region (table 3). Most shallow wells installed in 
the glacial materials were installed for monitoring water quality and water levels. Within the area 
of detailed study around Lake Calumet only one shallow water-supply well was found, a 12 foot 
deep well driven into the sand and used for irrigation. 
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Table 1. Est imated ground-water use w i t h i n t he s tudy area 
f rom 1980 thorugh 1988. 
Year Location S i l u r i an Dolomite Pumpage (mgd)* Cambrian-Ordovician Pumpage (and) 
Tup. Rng. Public Industry Publ ic Industry 
1980 36N 13E 0.857 0.394 0.940 0.014 
36N HE 0.SS3 0.079 1 . 282 0 
37N 13E 0 0.070 0 0 
37N HE 0 0.025 0 0 
37N 15E 0 0 0 0 
Subtotal 1.410 0.568 2.222 0.014 
Total 1.978 2.236 
1982 36N 13E 1.350 0.299 0.438 0.008 
36N HE 0.348 0.007 1 . 017 0 
37N 13E 0 0.028 0 0 
37N HE 0 0 0 0 
37N 15E 0 0 0 0 
Subtotal 1.698 0.334 1 . 455 0.008 
Total 2.032 1.463 
1984 36N 13E 0.906 0.260 0 0.010 
36N HE 0 0.004 0 0 
37N 13E 0 0.013 0 0 
37N HE 0 0.002 0 0.053 
37N 15E 0 0 0 0 
Subtotal 0.906 0.279 0 0.063 
Total 1 . 185 0.063 
1986 36N 13E 0 0.261 0 0.004 
36N HE 0 0.006 0 0 
37N 13E 0 0.014 0 0 
37N HE 0 0.002 0 0.053 
37N 15E 0 0 0 0 
Subtotal 0 0.283 0 0.057 






















0.278 0 0.024 






















0.278 0 0.037 
Total 0.278 0.037 
* 
not including i r r i g a t i o n , domestic, or I ivestock pumpage 
**not including pumpage from S i l u r i an dolomite aquifer by two i ndusti r i a l wel ls owned by 
Chen Clear. Inc. 
note: water use for 1980-1986 derived from K i rk et a l . (1982, 1984) and Ki rk (1987); 
water use fo r 1987 and 1988 derived from prel iiminary ISWS pumpage data. 
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Table 2. Number of w e l l s in t he : major a q u i f e r g roup ings accord ing 
t o source o f t he d a t a . 
TounshiDS 36 ft 37 N., Ranges 13. 14 
Unconsolidated S i l u r i a n Deep 
& 15 E. Lake Calumet Detai led Study Area 
Source of Water- Unconsolidated S i l u r i a n Deep 









12 12 12 12 
NSDGC (TARP) 0 101 17 0 0 42 16 0 
ISWS (PICS f i l e ) 0 49 14 0 0 2 4 0 
Miscellaneous 10 72 2 1 0 30 6 1 
IEPA 122 65 0 27 112 53 0 9 
ISWS (Well log f i l e s ) 2 1,181 80 284 2 57 21 4 
Table 3 . Number o f w e l l s in t he major a q u i f e r g roup ings accord ing 
t o w e l l use . 
TounshiDS 36 & 37 N., Ranges 13. 14. & 15 E. 
Unconsolidated S i l u r i a n Deep 
Lake Caluaet Detai led Study Area 
Source of Water- Unconsolidated S i l u r i a n Deep 
Well Data Deposits Dolomite Bedrock Unknown Deposits Dolomite Bedrock Unknown 
Monitoring and 
observation 122 180 19 27 112 104 15 9 
Commercial, indus-
t r i a l , i r r i g a t i o n 2 202 58 5 2 47 30 4 
Conservation, park 
Municipal , school 4 120 24 3 0 11 2 1 
Domestic 5 942 0 273 0 12 0 0 
Unknown 1 24 12 4 0 10 0 0 
Total number of we l ls 134 1,468 113 312 = 2.027 114 184 47 14 = 359 
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Table 4. Number of w e l l s i n the f u l l and i n t e n s i v e s tudy 
areas accord ing t o date o f i n s t a l l a t i o n . 
W e l l I n s t a l l a t i o n Townsh ips 36 & 37 N., Lake Calumet Detai led 
Dates* Ranges 13. 14. & 15 E. 
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Study Area 
< 1901 2 
1901 - 1910 25 10 
1911 - 1920 34 9 
1921 - 1930 64 7 
1931 - 1940 230 3 
1941 - 1950 207 8 
1951 - 1960 49 7 
1961 - 1970 239 9 
1971 - 1980 300 11 
1981 - 1988 93 5 
unknown dates 379 19 
Total 1.638 90 
*not inc luding observation or monitoring wells 
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Included within the database containing the well records are digitized well locations, which 
allow the database operator to select any well feature, such as well depth or well type, and 
represent the spatial distribution of that feature on a map. Figure 8 shows the location of water 
supply wells within the larger study area that are less than 600 feet in depth and those that are 
600 feet or greater in depth. Although a somewhat artificial distinction, it was assumed in 
creating this map that wells less than 600 feet deep generally derive their water from either the 
Silurian dolomite aquifer or overlying unconsolidated deposits. Wells 600 feet or greater in depth 
were assumed to derive ground water from the Cambrian-Ordovician aquifer system. As derived 
from table 3, 1,300 of the wells shown on the map are less than 600 feet in depth and 94 wells 
are 600 feet or greater in depth. Monitoring and observation wells are not included. 
Within the detailed study area around Lake Calumet there are 298 known wells that are less 
than 600 feet in depth. Of that total, 82 were installed for some type of water supply (figure 9) 
and 216 were installed to observe water levels or for acquiring water samples from the 
unconsolidated deposits or Silurian dolomite aquifer. 
Ground-Water Movement 
An aquifer can be defined as a ground-water bearing formation sufficiently permeable to 
transmit and yield water in useable quantities. Aquifers may be unconfined or confined. In an 
unconfined aquifer, such as the Dolton Sand, the water table is the top of the aquifer. In a 
confined aquifer, such as the Silurian dolomite where it is overlain by till, the ground water is 
confined under pressure by overlying, low-permeability materials. The overburden pressure causes 
water levels in wells penetrating into the confined aquifer to exceed atmospheric pressure and 
rise above the top of the aquifer. The level to which water will rise in a well screened or open 
within a confined aquifer is called the potentiometric surface. 
Two distinctly different regimes of ground-water flow exist in the study area: flow within the 
unconsolidated (glacial drift) deposits and flow within the underlying Silurian dolomite aquifer. 
Availability of water level data for determining ground-water flow directions in the unconsolidated 
deposits is restricted to information derived from IEPA and USEPA files on regulated waste 
disposal facilities. These data are very site specific and of recent origin, with most information 
post-1980. Water level data for determining ground water flow direction in the Silurian dolomite 
after 1980 are also available from several monitored waste disposal sites. Additional data for the 
dolomite aquifer are available from the MWRDGC's Tunnel and Reservoir Project (TARP) 
studies. The MWRDGC data span the years 1974 through 1981, with the most complete water 
level data collected in 1974 and 1975. 
Unfortunately, ground-water level data for both the unconsolidated deposits and the Silurian 
dolomite are not sufficiently comprehensive in either area or time to be definitive for the present 
study. The MWRDGC data ended in 1981 and most of the monitoring site data began after 
1981. Monitoring site data are concentrated on the east and south sides of Lake Calumet and 
along the Little Calumet River; negligible ground-water flow information is available to the north 
or west of Lake Calumet. Although MWRDGC data on Silurian dolomite water levels extends 
several miles southwest and south of the Lake Calumet study area, no data are available for about 
two-thirds of the larger study region. 
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Figure 8. Location and depth of water wells within the full study area 
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Figure 9. Location and type of water wells less than 600 feet in depth in the Lake Calumet area 
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Unconsolidated Deposits 
Ground-water flow within the shallow deposits (i.e., sand, silt, clay, and Oil) of the Lake 
Calumet area is intrinsically connected to the surface waters (streams, rivers, lakes, and wetlands) 
of the area. Because of the low elevation of the area, the water table is very near the land 
surface. In general, the water-table elevation can be readily observed by surface water elevations 
in Lake Calumet and surrounding ditches, streams, and wetlands (Shafer et al., 1988). Based on 
analysis of water-level data acquired from IEPA and USEPA files on regulated monitoring sites, 
ground water in the surficial unconsolidated deposits discharges to surface waters over much of 
the region. 
Lateral flow within the unconsolidated deposits, as determined from shallow monitoring wells 
at several regulated waste disposal facilities, is generally highly dependent on local topography. 
Ground-water flow within the drift at the monitored sites is typically towards the nearest surface 
water body (i.e., Lake Calumet, Little Calumet River, Calumet River, or Grand Calumet River). 
Where the topography has been raised by landfiliing, ground-water flow is in an outwardly radial 
pattern from the landfilled area. 
Shallow ground-water flow is believed to have been altered from its natural state because of 
the large amount of fill material of varying permeabilities deposited over most of the region. 
Other modifying factors include high elevation landfiliing, an average fill thickness in excess of 
6 feet, channelization of the rivers and their tributaries, filling in of surface-water features, sewer 
and ditch construction, and the presence of large impervious urban areas (Fitzpatrick and 
Bhowmik, 1990). 
Evidence of man's influence on shallow ground-water flow is found in a study by Watson et 
al. (1989) on the shallow ground-water system in northwestern Indiana, bordering Lake Michigan. 
Digital-model simulations indicate that the water table in the Calumet aquifer (a surficial sand 
and gravel aquifer) of Indiana has been lowered by several feet from pre-development levels by 
drainage to sewer lines and small ditches, and by downward leakage to the bedrock through the 
underlying till and lacustrine clay. The authors of the paper concluded that, "without such drains 
or leakage, and using recharge rates that are reasonable for this area, the water table is raised 
to land surface, reflecting the pre-development wetland conditions of the study area." Their 
model analysis also indicated that drainage to sewers and small ditches creates fully penetrating, 
local flow systems within the surficial sand and gravel aquifer. 
Athough drainage to sewer lines and small ditches could reasonably account for lowered 
water levels in the Calumet aquifer, Watson et al. (1989) failed to explain how leakage through 
the underlying till and lacustrine clay could also lower water levls in the Calumet aquifer. Pre-
drainage leakage through the till and clay should have been greater given the higher head in the 
Calumet aquifer. Lowered water levels in the Calumet aquifer should cause a decrease in leakage 
through the underlying till and laucustrine clay. 
As discussed earlier in the chapter on geology, the uppermost geologic unit, where present, 
is the Dolton Sand. This sand is the most permeable of the glacial materials found in the area. 
However, this unit is laterally discontinuous, having been deposited in a lacustrine environment 
as a beach, bar, or spit. In addition, where landfiliing activities are present the Dolton Sand is 
29 
often excavated to allow for waste disposal. These factors, combined with the man-made factors 
introduced earlier, have resulted in a significantly more complex ground-water flow system in the 




Potentiometric surface maps from 1960 (Zeizel et al., 1962), 1966 (Sasman et al, 1974), and 
1979 (Sasman et al., 1981) all show a regional trend of ground-water flow in DuPage County from 
the northwest towards the east and southeast The potentiometric surface in 1960 sloped from 
an elevation of 770 feet in the northwest to 600 feet in the east and southeast, adjacent to Cook 
County. Likewise, the potentiometric surface map from 1979 had ground-water elevations in the 
shallow dolomite of 750 feet in the northeast to 600 feet in the east and southeast However, 
the regional slope in ground-water elevations in 1979 was dominated by large areas of ground-
water decline because of ground-water pumping. Ground-water level elevations in some areas 
of DuPage County and western Cook County were below 450 feet, creating large areas of 
ground-water diversion to pumping centers. 
According to Walton (1962), ground-water movement within the Silurian system of 
northeastern Illinois follows the regional dip of the formations, which is to the southeast 
However, in areas where ground water from the Silurian system is the major source of supply, 
such as in Du Page County, the movement of water within the aquifer is controlled by the 
pumping centers rather than by the regional dip. Studies for the Tunnel and Reservoir Project 
(TARP) in the Lake Calumet area also show that the regional dip of the Silurian system is to the 
southeast (Keifer and Associates, Inc., 1976). 
The potentiometric surface within the dolomite aquifer in January 1975, and locations of the 
70 observation wells from which water-levels were obtained, are shown in figure 10. The 
potentiometric surface map of the dolomite aquifer was generated for the MWRDGC by Keifer 
and Associates, Inc., Inc. (1976). Observation wells used in the study were generally constructed 
of one inch diameter PVC installed to depths ranging from 345 to 543 feet below land surface. 
The bottom 80 feet of the PVC pipe was perforated, with the perforated section placed at the 
projected tunnel level. The ground-water flow direction clearly shows a regional movement to 
the east and southeast towards Lake Michigan and northwest Indiana, although deviations from 
this regional flow pattern are obvious. Northeast of Lake Calumet a local diversion of ground 
water can probably be attributed to industrial pumping from the dolomite aquifer. In 1989, 
fifteen years later, it must be remembered that very few high capacity wells are operating in this 
region. Most industries in this area that relied on ground water in 1975 are either extinct or have 
switched to Lake Michigan water. In addition, the 1975 ground-water flow map is prior to the 
MWRDGC's tunnel installations for TARP. 
Not shown on figure 10 is the effect of the Thornton Quarry on the potentiometric surface 
of the dolomite aquifer. Located south of the 600 foot contour in the southwest portion of the 
map, Thornton Quarry causes a depression of the potentiometric surface in the surrounding area. 
A potentiometric surface map of the dolomite aquifer for eastern Cook County from December 
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Figure 10. Potcntiometric surface map of the Silurian dolomite aquifer 
in January, 1975 (A) and location of measuring points (B) 
1974 (USEPA, 1976) shows that the potentiometric surface of the dolomite is depressed by over 
20 feet within one to two miles of the quarry. This depression can be attributed to long-term 
quarry dewatering operations. 
Ground-Water Level Measurements 
For comparison to earlier potentiometric surface maps prepared from water levels in 
observation wells constructed as part of TARP, water levels from 79 wells installed in the 
dolomite aquifer were measured on December 11-18, 1989. Of those 79 wells, 18 are domestic, 
commercial, or conservation wells and range in depth from 158 to 480 feet; 28 are observation 
and monitoring wells constructed both prior to and following tunnel construction for TARP and 
range in depth from 345 to 516 feet; and, 33 are monitoring wells at various facilities around 
Lake Calumet and range in depth from 52 to 118 feet 
The primary differences between the three groupings of wells listed above are that the 
domestic, commercial, and conservation wells are open through most of the penetrated thickness 
of the dolomite aquifer, observation and monitoring wells for TARP are generally screened 
opposite existing or proposed tunnel construction a few hundred feet into the bedrock, and 
monitoring wells at regulated and non-regulated facilities are generally screened within the upper 
twenty feet of the dolomite. Water levels measured in the domestic, commercial, and 
conservation wells give the average head over the penetrated thickness of dolomite, whereas 
water levels in the monitoring and observation wells provide the head over a more specific, 
narrower interval of the dolomite. However, assuming that the vertical head differences within 
the dolomite aquifer are small compared to lateral head differences, these water levels can still 
be used to delineate flow patterns within the dolomite aquifer over the study area. 
Contours of the potentiometric surface were prepared by using a contouring software 
package (SURFER*) and modifying the final output by hand. Results of the contouring along 
with water-level measurement locations are shown in figure 11. Comparison of the 1989 map 
with the 1975 map (figure 10) shows some distinct similarities and differences between 
potentiometric surfaces. Some of the differences can be attributed to a lack of uniform spatial 
coverage of measuring point locations in creating the two maps. Both the 1975 and 1989 maps 
had large coverage areas with no data points with which to determine ground-water elevations, 
resulting in an over-reliance on interpolation between data points. 
The shape and elevation of the potentiometric surface is quite similar between the two maps 
over much of Township 36N. and Ranges 14E. and 15E. Both maps have the highest 
potentiometric surface elevations to the southwest, where the bedrock surface rises to within 25 
to 35 feet of the land surface. Additionally, both maps show an area of depression in the 
potentiometric surface as ground water in the dolomite moves towards the Illinois-Indiana state 
line in the northern half of Township 36N., Range 15E. Although ground water in the dolomite 
aquifer is expected to flow towards the southeast under natural conditions, this sharp increase in 
gradient within an apparent area of diversion cannot be accounted for by known ground-water 
pumping in either Illinois or Indiana. 
A final area of similarity between the two maps is the 570 foot elevation contour in the 
northeastern corner. No apparent change has occurred in this area, where ground-water flow is 
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Figure 11. Potcntiomctric surface map of the Silurian dolomite aquifer 
in December, 1989 (A)and location of measuring points, deep tunnel, and dropshafts (B) 
still from northwest to southeast. Better definition of the potentiometric surface in this area 
during 1989 was not possible given the paucity of wells available for water-level measurements 
within the dolomite aquifer. 
The areas of differences between the two maps are seemingly more pronounced than the 
similarities. A major shift in ground-water levels of the dolomite aquifer occurs between Lake 
Calumet and the Calumet River. On the 1975 map the potentiometric surface elevation in this 
area is 580 feet, whereas on the 1989 map the elevation is 550 to 560 feet The major reason for 
this decline, and for the cone of depression formed on the east side of Lake Calumet on the 1989 
map, is the drawdown caused by an industrial pumping well on the east side of the lake. 
Approximately 20 monitoring wells located at several facilities east of the lake clearly show the 
effect of the pumping well on ground-water levels in the dolomite aquifer. Within two years or 
so these wells will be abandoned when the industry begins receiving surface water from Lake 
Michigan. 
Along the boundary of Townhips 36N. and 37N., adjacent to the Little Calumet River and 
Sag Channel, the potentiometric surface of the dolomite aquifer has been significantly altered 
with the advent of the deep tunnel (TARP) through the dolomite bedrock. The potentiometric 
surface map shown in figure 10 was pre-tunnel construction and the potentiometric surface, based 
on water levels from the TARP observation wells discussed earlier, was at an elevation of 580 feet 
along the western township boundary line. Based on both the shape of the 580 foot contour and 
the thinning of overburden above the dolomite aquifer to less than 10 feet, it can be concluded 
that there is some hydraulic connection between the Little Calumet River-Sag Channel with the 
dolomite in this area. 
Looking at the 1989 potentiometric surface map it is apparent that a large gradient has been 
established within the dolomite following tunnel construction. Figure 11 shows the location of 
the constructed segment of the Calumet System tunnel, tunnel dropshaft locations, and proposed 
tunnel segments. The steep potentiometric gradient towards the constructed tunnel segment is 
indicative of the very low permeability of the dolomite. It should also be noted that the low head 
values along the tunnel are primarily from MWRDGC observation and monitoring wells screened 
up to a few hundred feet into the dolomite. Dolomite observation wells screened in upper 
portions of the aquifer might show substantially higher heads. Nevertheless, the construction of 
the tunnel and accompanying dropshafts has created a steep gradient, both vertically and laterally, 
towards the tunnel during times of ground-water infiltration to the tunnel. 
Conversely, exfiltration can only occur if the tunnel gradient exceeds that of the ground 
water. During these periods of full tunnel flow the tunnel pressures will exceed inflow pressures 
and exfiltration results, possibly causing a localized degradation of ground-water quality (USEPA, 
1977). By design and operation this occurs infrequently and for short duration (hours). As a 
result, any localized excursion is expected to be reversed back into the tunnels (Keifer and 
Associates, Inc., 1976). To monitor effects of the tunnel on ground-water levels and water quality 
in the dolomite, the MWRDGC constructed monitoring wells adjacent to constructed tunnel 
segments. These data are regularly sent to the TEPA for evaluation. 
Based on the information presented on the 1975 and 1989 potentiometric surface maps, it 
can be concluded that ground-water movement in the dolomite aquifer is more complex than it 
was in 1975. Three principal areas of diversion appear to dominate ground-water flow within the 
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dolomite aquifer based on the 1989 map, substantially decreasing the amount of ground-water 
which flows towards, and eventually into, Lake Michigan. The three diversion areas are located 
on the east side of Lake Calumet, along the Calumet System tunnel southwest of Lake Calumet, 
and along the Illinois-Indiana state line. However, the diversion area on the east side of Lake 
Calumet should disappear once the industrial wells on the east of the lake are abandoned in two 
years or so. 
Aquifer Properties, Permeabilities, and Gradients 
Unconsolidated Deposits 
Shallow Sand Aquifer 
The hydraulic conductivity of the Dolton Sand, calculated from field bailer tests conducted 
by Woodward-Clyde Consultants (1984) for the CID site, Area 4 (see figure 12 for map 
locations), reportedly ranges from 10"5 to 10"3 centimeters per second (cm/s) (0.2 to 21 gallons 
per day per square foot, gpd/ft ). This is within the range expected for a silty sand (Herzog et 
al., 1988). Watson et al. (1989) used values of hydraulic conductivity for their digital modeling 
of flow within the Calumet aquifer of northeastern Indiana, which is the geologic equivalent of 
the Dolton Sand in the Lake Calumet area, ranging from 8.82 x 10"3 to 3.53 x 10-2 cm/s (187 to 
749 gpd/ft ). The hydraulic conductivity value which allowed the digital model to most closely 
match their conceptual model of shallow ground-water flow was 1.76 x 10~2 cm/s (373 gpd/ft2). 
The velocity of ground-water flow through the Dolton Sand can be estimated by using the 
formula: 
v = ( K x I ) / n e (1) 
where: 
v = average or interstitial pore velocity, in cm/s 
K = aquifer hydraulic conductivity, in cm/s 
I = hydraulic gradient (dimensionless) 
ne = effective porosity, unitless 
The interstitial pore velocity is the ground-water flow that occurs through the pore spaces of the 
material, and requires the use of a variable that represents the percent of porous material through 
which interstitial flow can occur. This variable is called the effective porosity. For coarse-grained 
materials that are unconfined the effective porosity can be conservatively estimated as the specific 
yield, the ratio of the volume of water which drains by gravity to the total volume of saturated 
porous material (Wehrmann et al., 1988). For a sand the specific yield, and thus effective 
porosity, typically ranges from 10 to 30 percent (Walton, 1970). 
The final variable which is required to determine the ground-water movement within the 
Dolton Sand is the lateral hydraulic gradient, or the amount by which the water table declines in 
the direction of flow over a fixed distance. Based on information gathered from water-table maps 
at sites 3, 9, 11, and 14 of figure 12, gradients in the higher landfilled areas around Lake Calumet 
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Figure 12. Location of sites with ground-water monitoring, including previously monitored sites 
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range from 0.002 to 0.025 cm/cm (ft/ft). In comparison, shallow ground-water gradients 
determined from ground-water-level maps prepared by Watson et al. (1989) along the Calumet 
River, Grand Calumet River, and Lake Michigan shoreline of northeastern Indiana range from 
0.001 to 0.004 cm/cm (ft/ft). The gradients determined from water-table maps at landfills near 
Lake Calumet are generally 2 to 6 times greater than the gradients determined from the more 
natural topography and larger coverage area in Indiana. 
Combining all of the hydraulic variable values discussed above, flow velocities were 
determined using equation 1. For the data from Illinois, and assuming effective porosity values 
of 0.2 and 03, flow velocities ranged from 6.7 x 10-8 cm/s (0.07 ft/yr) to 1.25 x 10-4 cm/s (129.3 
ft/yr). The difference between these values is about three orders of magnitude, with about two 
orders of magnitude difference attributable to the wide range of hydraulic conductivites and one 
order of magnitude difference attributable to the range in water-table gradients within the Dolton 
Sand. 
Determination of flow velocities using the data from Indiana, with hydraulic conductivity 
equal to 1.76 x 10-2 cm/s (373 gpd/ft2), gradients ranging from 0.001 to 0.004, and effective 
porosity estimates of 0.2 to 0.3, flow velocities within the Calumet Aquifer were calculated to 
range from 5.9 x 10-5 cm/s (61 ft/yr) to 3.52 x 10-4 cm/s (364 ft/yr). 
Comparing the flow velocities from the Illinois data to those of Indiana for the shallow sand 
aquifer, it is apparent that the higher velocities are within a comparable range, varying by a factor 
of only 2.8. The lower velocities, however, vary by a factor of 871, which is substantial and can 
be attributed primarily to the low hydraulic conductivity values derived from bailer tests of the 
Dolton Sand at the CID, Area 4 site in Illinois. 
In order to determine the rate at which contaminants are transported within the shallow flow 
system, and to assess the potential for discharge of contaminants into surface waters of the region, 
the hydrologic properties of the geologic materials which are in hydraulic connection with the 
surface waters must be determined. Currently, there is insufficient information within the Lake 
Calumet area on hydraulic conductivity of the Dolton Sand and even less data on the 
heterogeneous fill material which mantles much of the region. What little information there is 
has been collected by consulting firms at waste disposal sites. No study of sufficient detail has 
been implemented to map the surficial sand and fill deposits, determine hydraulic conductivites, 
and create maps of the water-table to determine specific flow directions and gradients over the 
region. 
Till 
As discussed earler in the chapter on geology, the Dolton Sand is underlain by the 
Wadsworth Till Member of the Wedron Formation, which in turn is underlain by the Lemont 
drift, also of the Wedron Formation. The till is not of much concern in regards to lateral 
movement of contaminants, which is negligible compared to the more permeable sand and fill 
deposits which often overlie the till. However, the till is of concern in regards to vertical 
movement of contaminants downward to the Silurian dolomite aquifer. It has been generally 
regarded in the past that the slow rate of vertical ground-water movement in till, combined with 
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the attenuation ability of clays within the till, would prevent any significant movement of 
contaminants downward to underlying aquifers. 
Attenuation is the process whereby clays, and to some extent silts, reduce the concentrations 
of some objectionable substances through ion exchange. In the case of landfill leachate, the clay 
exchanges ions in the leachate with harmless ions such as calcium and magnesium (Berg et al., 
1984). Because there is more than 40 feet of till overlying the bedrock over most of the area, 
it has been generally accepted by consultants and regulatory agencies that the potential for 
contamination via migration through the till is extremely low because of this retardation factor. 
Hydraulic conductivities determined from field permeability testing of Wedron Formation tills 
have been compiled and are shown in table 5. Site locations are given in figure 12. The depth 
intervals of till tested range from 19 to 62 feet below land surface. Hydraulic conductivities of 
24 tested intervals in 17 wells or borings range from 2.6 x 10-8 to 2.6 x 10-5 cm/s. The high value 
of 2.6 x 10"5 cm/s is from a weathered till, whereas the remaining values are all believed to be 
from unweathered tills. The geometric mean for all 24 samples is 8.9 x 10-7 cm/s. This value of 
the log hydraulic conductivity compares closely to hydraulic conductivities compiled for 
unweathered tills in other parts of the Upper Midwest (Cravens, 1987). 
Laboratory permeability tests were also conducted on 12 till samples from two of the sites. 
The hydraulic conductivity values from these tests ranged from 53 x 10-9 to 2.8 x 10-8 cm/s. 
Geometric mean values for the samples from each of the two sites were 2.0 x 10-8 cm/s and 1.3 
x 10-8 cm/s. These values are generally one to two orders of magnitude lower than the field 
permeability test results. Laboratory permeability tests cannot account for the heterogeneous 
nature, fractures, weathering, and preferential flow paths that are typically found within tills. 
Utilizing 30 sets of paired wells at 7 sites, with one well of the pair in the shallow sand and 
the other well in the top of the Silurian dolomite, vertical hydraulic gradients were determined 
across the Wedron Formation tills at each of the sites (table 6). Gradients at the 30 paired wells 
ranged from 0.18 to 0.82 cm/cm (ft/ft). Average gradients at each of the sites ranged from 0.25 
to 0.61 cm/cm (ft/ft). 
Given the above information for hydraulic conductivity and gradient within the till, and 
assuming an effective porosity of 38 percent for a silty clay till based on an estimated range of 
34 to 42 percent by Todd (1980), the average vertical flow velocity of ground water through the 
till can be estimated. For hydraulic conductivities of 2.6 x 10-8 and 2.6 x 10-5 cm/s, which are the 
minimum and maximum values determined from 30 Geld permeability tests, and given an average 
vertical hydraulic gradient of 0.40 cm/cm (ft/ft), the estimated vertical flow velocities through the 
till range from 2.9 x 10-8 cm/s (0.03 ft/yr) to 2.74 x 10-5 cm/s (28.3 ft/yr). The higher value is 
based on hydraulic conductivity data from a weathered till at a depth of 19 feet 
Using the geometric mean hydraulic conductivity of 8.9 x 10-7 for all the field permeabity 
tests, and the same average gradient and effective porosity values from above, an average velocity 
of 9.38 x 10-7 cm/s (0.97 ft/yr) is estimated for the till. Based on this average value it would take 
about 41 years for water to travel vertically downward through 40 feet of unweathered till. 
Unfortunately, the above calculations fail to take into account a major drawback of field 
permeability testing. Field tests (slug tests, bailer tests, and pressurization tests) primarily 
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T a b l e 5. Summary of hydraulic conductivities derived from field 










Hydraulic Conductivi ty (cm/sec - 1 ) 
Reference 





9 4 8 2 . 6 x l 0 - 7 7 . 5 x l 0 - 6 1.6x10 - 6 9 . 0 x l 0 - 7 Canonic 
Environmental , 
1988 
9 4 4 8 . 4 x l 0 - 8 1.8x10-6 7 . 9 x l 0 - 7 4 . 1 x l 0 - 7 Canonic 
Environmental , 
1987 
11 3 6 5 . 4 x l 0 - 7 2.4xl0 - 6 1 .2x l0 - 6 l . O x l O - 6 Canonic 
Environmental , 
1988 
11 4 4 2 . 6 x l 0 - 8 3.1xl0 - 6 8 . 2 x l 0 - 7 1 . 4 x l 0 - 7 Canonic 
Environmental , 
1987 
15 2 2 9 . 7 x l 0 - 6 2.6xl0 - 5 1.8x10 - 5 1 . 6 x l 0 - 5 Ecology & 
Environment, 
1989 









19 to 62 feet below land s u r f a c e . 
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Table 6. Summary of vertical hydraulic gradients between adjacent 
wells screened in the shallow unconsolidated deposits and 







Vertical Hydraulic Gradient Date of 
Water Level 
Measurement Minimum Maximum Mean 
3 2 0.39 0.42 0.41 --/88 
7 10 0.32 0.63 0.45 04/88 
9 4 0.22 0.55 0.35 08/88 
11 7 0.18 0.37 0.25 08/88 
12 2 0.39 0.82 0.61 06/88 
14 4 0.29 0.69 0.42 06/88 
15 1 —— —— 0.48 10/81 
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measure horizontal permeability of a formation. Glacial tills, as are most sediments, are usually 
horizontally stratified with layers of silts, silty clays, and clays. According to Sowers (1979) the 
vertical permeability of a stratified deposit is 2 to 30 times less than the horizontal permeability. 
Using those figures, the 41 years travel-time for water moving downward through 40 feet of 
unweathered till would become 82 to 1,230 years. Conversely, according to Cartwright (1990) the 
vertical and horizontal hydraulic conductivities of most tills in Illinois are approximately equal; 
however, many tills are fractured, resulting in a greater vertical hydraulic conductivity relative to 
the horizontal hydraulic conductivity in many cases. 
Silurian Dolomite 
Ground water in the Silurian dolomite of the study area occurs primarily under confined 
conditions, although in some areas it also occurs under unconfined, or water-table, conditions. 
Confined aquifers may be classified as artesian or leaky artesian. Leaky artesian conditions exist 
at places where fine-grained deposits, which retard the vertical movement of water, overlie the 
aquifer. Where confined, ground-water in the Silurian dolomite is generally under leaky artesian 
conditions. 
As discussed in detail by Cravens et al. (1990), movement of ground water within the 
dolomite is due chiefly to secondary permeability caused by solution. Ground-water in the 
Silurian dolomite occurs in joints, fissures, solution cavities, and bedding plane openings. Most 
of these water-yielding openings are irregularly distributed both vertically and horizontally 
(Csallany, 1963), although they generally are more abundant near the bedrock surface and 
decrease with depth. In addition to the above features, the upper part of the Silurian dolomite 
is usually weathered, often containing a gravelly or broken surface in the upper few feet. 
Movement of ground water within the Silurian dolomite is also affected by a regional set of 
vertically oriented fractures. Zeizel et al. (1962) determined that two major systems of fractures 
in the shallow dolomite of DuPage County trended about N. 57° E. and N. 47° W. Similar 
fracture orientations were found during tunnel construction for the TARP project Based on an 
18,000 foot tunnel in the dolomite located 6 miles west of Lake Calumet, two dominant fracture 
sets, trending southwest-northeast and northwest-southeast, were identified. Of the fractures 
measured, 73 percent were oriented northwest-southeast (Keifer and Associates, Inc., 1976). 
Previous Study Data 
Based on an analysis of 500 well pumping tests within northeastern Illinois obtained from the 
ISGS and ISWS, Harza Engineering Company and Bauer Engineering, Inc. (1968) estimated the 
hydraulic conductivity of the Silurian System aquifer. Hydraulic conductivities were higher in the 
western suburban area of Cook County, with an average value ranging from 11 to 215 gpd/ft2 (5 
x 10-4 to 1 x 10-2 cm/s). Within the City of Chicago and in suburban areas along Lake Michigan, 
the average hydraulic conductivity ranged from 1 to 11 gpd/ft2 (5 x 10-5 to 5 x 10-4 cm/s). 
In addition to the review of existing data, researchers working on TARP conducted water 
pressure tests at different depths along holes drilled into the bedrock (Harza Engineering Co., 
1972a). Assuming a horizontal to vertical permeability ratio of 200 and an imaginary impermeable 
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boundary distance of 400 feet from the borehole, horizontal permeabilities of the dolomite were 
determined using a finite element method designed for steady state flow through porous media. 
The average and median horizontal hydraulic conductivities from tests performed on 49 boreholes 
throughout the Chicago region were 13 gpd/ft2 (6.3 x 10-5 cm/s) and 0.5 gpd/ft2 (2.2 x 10-5 cm/s). 
Varying the horizontal to vertical permeability ratio from 10 to 500 only changed the computed 
horizontal hydraulic conductivity by less than ten percent 
An aquifer test using one pumping well and three observation wells was conducted just north 
of the boundary between Townships 36 and 37N. and Ranges 13 and 14E. (Keifer and Associates, 
Inc., Inc., 1976). The pumping rate during the test was 23 gallons per minute. One observation 
well, located 720 feet from the pumped well, had no response to pumping until 860 minutes from 
the start of the 1,000 minute test Transmissivity of the dolomite aquifer was determined to be 
between 62 and 90 gpd/ft based on analysis of the results from two observation wells and the 
pumping well. Dividing the transmissivity by the penetrated thickness of the dolomite aquifer 
resulted in hydraulic conductivity values ranging from 0.22 to 0.26 gpd/ft2 (1.04 x 10"5 to 1.23 x 
10"5 cm/s). Storage coefficients from analyses of data from the two observation wells ranged from 
1.4 x 10-5 to 3.8 x 10-5. 
Current Study Data 
Specific capacity data from 79 drillers' reports for dolomite wells within the larger study area 
(figure 1) were used to estimate the range and distribution of specific capacity and transmissivity 
within the Silurian dolomite. Detailed discussions of the methodology for determining 
transmissivity from specific-capacity analyses are found in Brown (1963), Csallany (1963), Theis 
(1963), and Peters (1987). 
Transmissivity calculations were made using a computer program written by Bradbury and 
Rothschild (1985). The program corrects for partial penetration, well diameter, and, if known, 
well loss. Partial penetration of wells was adjusted to a standard aquifer thickness of 100 feet, 
as was done by Bergeron (1981) and Cravens (1990) for similar calculations. Using a partial 
penetration correction of 100 feet assumes that the predominant water-yielding openings in the 
Silurian dolomite occur in the upper 100 feet The storage coefficient of the dolomite was 
assumed to be 1 x 10-4 for all well sites. 
Specific capacity values, uncorrected from driller's log data, ranged from 0.01 to 17.5 gallons 
per minute per foot (gpm/ft). The median specific capacity was 0.47 gpm/ft Transmissivity values 
calculated from the specific capacities ranged from 17 to 100,000 gpd/ft with a median value of 
1,285 gpd/ft. The normal probability plots of figure 13 shows that the log of specific capacity and 
calculated transmissivity plot close to the least squares regression line for the data. Because the 
cumulative distribution function of a normal distribution will plot as a straight line, the set of 
observations could reasonably have come from a log-normal distribution. 
Within the area of intensive study (figure 1) around Lake Calumet, a total of eight specific 
capacity values were available from drillers' reports. The specific capacities ranged from 0.02 to 
1.05 gpm/ft with a median value of 0.08 gpm/ft Calculated transmissivities for the eight drill sites 
ranged from 38 to 2,572 gpd/ft with a median value of 116 gpd/ft Dividing by a standard assumed 
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Figure 13. Normal probability plots for specific capacity and transmissivity 
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aquifer thickness of 100, the hydraulic conductivity at these eight sites range from 0.4 to 25.7 
gpd/ft2 (1.9 x 10-5 to 1.2 x 10-3 cm/s) with a median value of 1.2 gpd/ft2 (5.5 x 10-5 cm/s). 
Although the calculated transmissivity values were generally too erratic to present on a 
contour map, a clear trend was evident by looking at their spatial distribution. Towards the 
southwestern part of Township 36 N. and Range 13 E., near Tinley Park and Oak Forest, 
transmissivity values are of the magnitude 10 gpd/ft Moving eastward and northeastward, the 
transmissivity of the Silurian dolomite declines rapidly to a magnitude of 103 gpd/ft in the eastern 
part of Township 36 N. and Range 14 E. and the southern part of Township 36 N. and Range 
14 E. In the area of Lake Calumet most of the transmissivities were of the order 102 gpd/ft. It 
is important to note, however, that throughout the study area exceptions to the aquifer property 
trends are frequent In any given location the transmissivity may vary by as much as two orders 
of magnitude because of the heterogeneous nature of water transmitting openings within the 
dolomite. 
In addition to the aquifer property data acquired from drillers' reports, hydraulic 
conductivities were compiled from field permeability testing performed on 27 monitoring wells 
at three regulated facilities around Lake Calumet (table 7). The facility locations are given in 
figure 12. All of the depth intervals of Silurian dolomite tested were in the upper 20 feet of the 
bedrock. 
Hydraulic conductivities ranged from 2.0 x 10-6 to 2.1 x 10-3 cm/s (0.04 to 44.5 gpd/ft2). 
Geometric mean hydraulic conductivity values for the five sets of data in table 7 ranged from 2.6 
x 10-5 to 1.3 x 10-4 cm/s (0.6 to 2.8 gpd/ft2). The geometric mean for all 27 tests was 6.9 x 10-5 
cm/s (1.5 gpd/ft2). Arithmetic mean, or average, hydraulic conductivity for the sets of data ranged 
from 7.2 x 10 to 4.3 x 10-4 cm/s (1.5 to 9.1 gpd/ft2), which is within the range of values 
presented earlier from Harza Engineering Company and Bauer Engineering, Inc. (1968). The 
higher hydraulic conductivities are typically found within zones of higher secondary permeablity, 
where weathering, fracturing, solution cavities, and bedding plane openings increase in frequency. 
Lower hydraulic conductivities are more representative of the primary porosity of the dolomite, 
where few secondary permeability features intersect the borehole. 
Assuming a geometric mean hydraulic conductivity of 6.9 x 10-5 cm/s (1.5 gpd/ft2) is 
representative of the permeability of the Silurian dolomite near Lake Calumet, and given a 
horizontal hydraulic gradient of 0.0019 cm/cm (10 ft/mi) and an effective porosity of 0.03 (Frickett 
et al., 1964), horizontal flow velocity (equation 1) through the Silurian dolomite is estimated to 
be 4.37 x 10 cm/s (4.5 ft/yr). However, because the maximum distance by which a potential 
contaminant will move is dependent on the most permeable pathways, and assuming the most 
permeable zones are interconnected, the horizontal flow velocity should also be determined for 
the maximum hydraulic conductivities. Using a hydraulic conductivity value of 2.1 x 10-3 cm/s 
(44.5 gpd/ft ) in equation 1, the horizontal flow velocity within the dolomite increases to 
1.3 x 10-4 cm/s (137.6 ft/yr). 
The information presented in this section on hydraulic properties demonstrates how sensitive 
the calculated flow velocity is to changes in hydraulic conductivity. Assuming a low hydraulic 
conductivity may result in a low calculated flow velocity, but is not accurate in characterizing the 
flow system within the Silurian dolomite. The dolomite is a heterogeneous media, with secondary 
porosity features that allow ground water, and therefore potential contaminants, to move rapidly 
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Table 7. Summary of hydraulic 
permeabili ty t e s t i n g 
dolomite aquifer . 
conduct iv i t ies derived from f i e l d 





Tasted, n 1 
Hydraulic Conduct ivi ty (cm/sec - 1 ) 





9 5 2 .5xl0 - 5 1.6x10-4 8 . 9 x l 0 - 5 7 . 6 x l 0 - 5 Canonie Eng inee r s , 1985a 
9 4 2 .0xl0 - 6 5.1x10-4 1.4x10-5 2 . 6 x l 0 - 5 Canonie Eng inee r s , 1984 
9 7 1.3xl0 -5 2.1x l0 - 3 4.3x10 -4 1.2x10-5 Canonie Environmental , 1989 
11 8 2 .1x l0 - 5 1.5x10-4 7.2xl0 - 5 5 . 6 x l 0 - 5 Canonie Eng inee r s , 1985b 
15 3 4 .0xl0 - 5 3.9x10 -4 1.8x10-4 1.3x10-4 Ecology & Environment, 1989 
1 one we ll t e s t e d twi ce, all other  wells tested once 
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in some directions and very slowly in others. This spatial variability, which also applies to the 
overlying till, must be recognized when interpreting data presented by researchers. An 
assumption of an average or median value of hydraulic conductivity in calculating flow velocities 
and contaminant transport distances may result in a serious underestimation of potential velocities 
and transport distances in certain directions within the formation. 
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EXISTING GROUND-WATER QUALITY INFORMATION 
Potential Sources of Contamination 
A summary of historical industrial activity, waste production, and disposal practices in the 
Lake Calumet area by Colten (1985) showed 51 disposal sites known to have existed during the 
years 1869-1970. The potential hazard of each disposal site was predicted using a numerical 
ranking technique (USEPA, 1978). Hazardous materials and soil permeability were scored from 
0 to 9, length of existence and distance to residential area were each scored 0 to 10. Thus, the 
highest, "worst case" score was 38. None of the sites in the Lake Calumet area ranked above a 
value of 30 (Shafer et aL, 1988). 
In a report by the IEPA (1986a), thirty-one operating or retired landfills and waste-handling 
facilities were identified. Included in this report were brief descriptions on the type of landfill 
(solid or hazardous waste) and a description of the type of waste accepted. Six of the sites were 
identified as having accepted hazardous waste, and three facilities have served as treatment 
centers or transfer stations for wastes enroute to hazardous waste disposal sites. In addition, 
several facilities have operated illegally, leaving in question the types and quantities of wastes 
landfilled (Shafer et al., 1988). 
A map (figure 14) showing the potential sources of contamination as derived from several 
data sources, and thus resulting in overlapping data sets, was formulated from a database provided 
by the Illinois Hazardous Waste Research and Information Center (HWRIC). The four data sets 
include landfills from the HWRIC statewide landfill inventory, surface impoundments compiled 
by the USEPA, special waste handlers (generators, transporters, treatment, storage, disposal, and 
recycling facilities), and potential hazardous waste sites as ranked by the USEPA under the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), also 
known as "Superfund". Locations of the sites have not been field verified; some sites are 
approximate because of insufficient or incorrect street addresses. 
Spatial information on the potential sources of contamination, combined with the substances 
(hazardous and non-hazardous) that are known to exist, or potentially exist, at each source, is 
required in order to explain changes in surface-water and ground-water quality within the study 
area. The complexity of both surface water movement (Fitzpatrick and Bhowmik, 1990) and 
ground-water movement within the Lake Calumet area necessitates that sources and types of 
contaminants be inventoried to the greatest extent feasible. 
Availability of Information 
Ground-water quality information for the unconsolidated deposits (Dolton Sand) and the 
shallow bedrock (Silurian dolomite) within the Lake Calumet area is fragmented. The major 
sources of ground-water quality data are the IEPA and USEPA. Additional water quality 
information is available from the ISWS, Illinois Department of Public Health (IDPH), Cook 
County Department of Public Health (CCDPH), and the MWRDGC. 
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Figure 14. Location of known potential sources of contamination in the Lake Calumet area 
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The primary source of ground-water quality data for the study area is the IEPA, which 
maintains a ground-water quality database for monitoring wells at regulated waste-disposal 
facilities in Illinois. In order to use the ground-water quality database, information about 
monitoring well construction, location, and site geology must first be gathered from large volumes 
of data found in paper files. Once the information about a monitoring well at a specific site is 
found in the paper files, it can then be matched by an identification number to the correct entry 
in the water-quality database. Because of the large amounts of data which exist for some 
facilities, piecing together information to form a correct picture of the geology or monitoring 
program at a site can be exceedingly difficult, as noted by Herzog et al. (1988). 
In addition to the site specific information maintained by the IEPA that pertains to 
monitoring wells at regulated facilities, the IEPA also maintains a database of ground-water 
quality information from routine sampling of public-supply wells throughout Illinois. Routine 
sampling of public-supply wells by water-system operators has been used to determine treatment 
necessary for maintaining water quality in accordance with regulatory requirements (Voelker, 
1989). 
A comprehensive look at baseline water-quality conditions throughout Illinois is available 
from a cooperative ground-water sampling program developed and instituted by the IEPA and 
USGS in accordance with Illionis' Public Act 83-1268 (IEPA, 1986c). One of the goals of the 
program was to sample water for both inorganics and organics from public-supply wells 
constructed in the major aquifers of the State. Data collected from over 2,700 wells between 
1984 and 1987 are presented in two reports (Voelker, 1986; Voelker et al., 1988). Although no 
public supply wells are in operation within the immediate vicinity of Lake Calumet because of 
Lake Michigan water allocations, 41 wells in the Silurian dolomite aquifer were sampled within 
Cook County between 1984 and 1987. This county-wide data can be used to provide ambient 
ground-water quality conditions within the Silurian dolomite for comparison to ground-water 
quality in the Lake Calumet area. 
USEPA ground-water quality data used for the current study is derived from data collected 
and maintained in accordance with two federal laws, the Resource Conservation and Recovery 
Act (RCRA) and the Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA/Superfund). RCRA data used in this study is from the RCRA Subpart F files, which 
consists of ground-water monitoring data collected at hazardous waste management facilities. 
Because RCRA permitting in Illinois is jointly handled by the USEPA and the IEPA, the RCRA 
data can also be obtained from the IEPA CERCLA data were obtained for the U.S. Scrap site, 
where a ground-water quality investigation was being conducted. 
Another source of ambient ground-water quality information for the Lake Calumet area and 
the surrounding region is the ISWS water-quality database. The ISWS has maintained records 
of chemical analyses of ground water since 1890. Most records contain information on inorganic 
constituents, but almost no data on organic compounds. Water quality records are available for 
15 wells within the area of intensive study around Lake Calumet (figure 1) and 119 wells within 
the surrounding region (Townships 36N., 37N.; Ranges 13E., 14E, 15E.). The chemical analyses 
date from 1914 through 1982. 
49 
Additional ground-water quality information is also available from local investigations 
performed by the Illinois Department of Public Health (IDPH). The IDPH conducts tests at 
non-community water wells serving schools, restaurants, etc Ground-water quality is also tested 
in response to complaints and investigations. Most samples analyzed by the IDPH are submitted 
voluntarily by domestic well owners because of known or suspected problems (Voelker, 1989). 
The Cook County Department of Public Health (CCDPH) has begun to maintain records 
of private wells sampled for nitrates and bacteria. Although neither of those two parameters are 
of interest in the current study, the well records maintained by the CCDPH were used to locate 
private wells within the study area for both inventory and ground-water sampling purposes. 
Finally, the MWRDGC collects and maintains ground-water quality data from monitoring 
wells installed adjacent to, and screened at the same depth as, their TARP tunnels in the Silurian 
dolomite. These data are also maintained by the IEPA. The scope of the current study does not 
encompass ground-water quality immediately adjacent to the tunnels. 
Unconsolidated Deposits 
Ground-water quality data for the unconsolidated deposits around Lake Calumet were 
derived from two principal sources: 1) ground-water monitoring data from regulated waste 
handling facilities and 2) a study conducted by the IEPA that evaluated environmental pollution 
in the Lake Calumet area. The ground-water monitoring data are reviewed, along with geologic 
and hydrologic information, in a later section. 
In 1986 the IEPA published an assessment of environmental pollution and public health 
impacts in the Lake Calumet area (IEPA, 1986a). As part of this assessment, ground-water 
samples were obtained and analyzed from 17 temporary PVC monitoring wells installed to depths 
ranging from 10 to 25 feet in September, 1983. Sampling locations were chosen by establishing 
a uniform 5 by 5 sampling grid over the study area and then choosing a representative location 
for sampling within each of the grids. Of the 25 potential sampling sites, 2 could not be sampled 
because of difficulties encountered drilling through slag deposits and 5 were either dry holes or 
provided insufficient ground water for sampling. An eighth site was unavailable for sampling 
because the sampling grid was centered over several landfills and Lake Calumet 
Drilling locations for the 1983 sampling program are shown in figure 15. Water-table depths 
in the 18 completed wells ranged from 1.5 to 10 feet below land surface (table 8). The principal 
materials from which ground-water samples were obtained are as follows: three wells were 
installed into gray till, one of these was a dry hole; two wells were in man-made fill deposits, one 
of these was a dry hole; three wells were installed into clay, with one being a dry hole; and, 
fourteen wells obtained their water from sand deposits, one of which was a dry hole. 
Ground-water samples from the 17 wells that provided sufficient water were analyzed for 
trace metals and organics. Only 3 of the 12 metals analyzed (iron, manganese, and silver) were 
found at concentrations above the General Use Water Quality Standards (35 Illinois 
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Figure 15. Location of September, 1983 IEPA drilling sites for shallow ground-water quality sampling 
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Table 8. Summary of IEPA analyses of trace metals in shallow 












Fe Mn Ag 
1 25 Dry -- -- --
2 20 10.0 200 1,180 10 
3 15 9.7 100 310 0 
4 10 3.3 7,300 220 0 
5 10 5.0 5,400 560 0 
6 15 Dry -- -- --
7 15 4.7 4,800 330 0 
8 10 2.5 300 340 0 
9 15 6.5 9,200 350 0 
10 11 8.5 100 0 0 
11 10 1.5 8,000 1,210 0 
12 10 Dry -- -- --
13 28 4.5 200 360 10 
14 10 6.8 0 30 0 
15 15 5.4 3,700 260 0 
16 10 5.1 2,300 1,000 0 
17 10 1.9 9,200 300 0 
18 10 Dry -- -- --
19 10 8.6 100 220 0 
20b 10 8.9 -- -- --
21 10 4.1 0 320 0 
22 15 6.2 100 180 0 
b Insuffic ient ground water for obtaini ng a sam ple. 
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a Arsenic, barium, cadmium, chromium, copper, lead, nickel, 
selenium, and zinc concentrations were below the General 
Use Water Quality Standards (35 Ill. Adm. Code 302.208). 
Administrative Code 302.208) in any of the wells. Iron concentrations exceeded the 1,000 µg/l 
standard in 8 samples, which had iron levels ranging from 2,300 to 9,200 Mg/L. The nine other 
samples had iron levels less than or equal to 300 µg/L. Manganese concentrations equalled or 
exceeded the 1,000 µg/L standard in 3 samples, which had concentrations ranging from 1,000 to 
1,210 µg/L. The remaining samples ranged from 0 to 560 µg/L in manganese concentration. 
Finally, silver was found at levels of 10 µg/L in 2 samples, with the remaining samples having 
undetectable concentrations of silver. The General Use Water Quality Standard for silver is 
5 µg/l. 
Of the 17 sites sampled, 10 had concentrations of at least one of the three parameters, iron, 
manganese, and silver, above the water quality standards. None of the trace metal concentrations 
found in the water samples were determined to be toxic or to pose a significant or potential 
hazard to human health if ingested (IEPA, 1986a). The elevated trace metal concentrations can 
most likely be attributed to the industries that have historically operated in the area, particulary 
steel manufacturing. Man-made fill deposits which are ubiquitous throughout the area, 
particularly slag from steel manufacturing, are also a significant contributor to elevated trace 
metal concentrations. 
Ground-water samples analyzed for VOCs (volatile organic compounds) were below detection 
limits, with the exception of the common field and laboratory contaminant dibutylphthalate, at 
all the drilling sites except sites' 10 (Chicago Port District) and 11 (Republic Steel) (figure 15). 
The sample from site 10 contained a number of solvents, including benzene (580 figfL), toluene 
(1,700 µg/L), xylenes (560 µg/L), ethylbenzene (30 µg/L), and pyridine (10 µg/L). Other organic 
compounds at this site are indicative of the material drilled through at this location, which was 
slag fill (IEPA, 1986). 
The sample from site 11 had 20 µg/L of pyridine and 15 µg/L of methylpyridine, both of 
which are low concentrations but can be toxic if ingested. All other VOCs, excluding 
dibutylphthalate with a concentration of 3.9 µg/L, were below their 1 to 5 µg/L detection limits. 
Approximately 5 feet of black slag fill was drilled through before reaching the underlying sand 
deposit at site 11. 
Silurian Dolomite Aquifer 
Ground-water quality information for the Silurian dolomite aquifer of Cook County, compiled 
by the IEPA and the USGS as part of the statewide ground-water sampling program discussed 
earlier, is summarized in table 9. Median values for the major inorganic constituents are as 
follows: calcium, 115 mg/L; chloride, 15 mg/L; magnesium, 60 mg/L; sodium, 41 mg/L; and, sulfate 
275 mg/L. Average values for these same constituents are generally within five percent of the 
median except for chloride (37.5 mg/L) and sodium (46 mg/L). The median and average total 
dissolved solids (TDS) are 740 and 833 mg/L, respectively. 
The only trace metal constituents which appear in detectable quantities in most of the 
samples are iron and manganese. These two constituents are naturally occurring in ground-water 
and may become aesthetically unpleasing when found in quantities above USEPA recommended 
limits (USEPA, 1982). Median concentrations for iron and manganese from the 41 samples are 
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Table 9 . S t a t i s t i c a l summary o f 
t he S i l u r i a n do lom i te 
1985-87 
t he ground-water q u a l i t y da ta f o r 
a q u i f e r i n Cook County, I l l i n o i s , 
Voelker e t a l . , 19881; [< ,  below detect ion l i m i t ] USEPA recommended 
Ma jo r Constituents (mg/L) 














Chlor ide, dissolved 41 < 1.0 260 15 37.5 56.1 250 
Magnesium, t o ta l recover. 41 17 110 60 62 18.3 
Nitrogen, ammonia t o t a l 40 < 0.100 .750 .425 .435 .152 
Potassium, to ta l recover. 41 1.1 8.7 5.2 4.6 2.06 
S i l i c a , dissolved 40 6.9 29 15.0 15.6 5.0 
Sodium, t o t a l recover. 41 13 150 41 46 31.2 
Sul fa te , dissolved 40 65 680 275 285 137.7 250 
Indicator Parameters 
Sol ids, residue at 
180°C (mg/L) 40 135 1,920 740 833 319 500 
pH (standard un i t s ) 35 6.70 8.35 7.2 7.2 0.35 6.5 - 8.5 
Trace  Samples >
const i tuents detect ion 













Cadmium 1 41 < 3 3 < 3 
Chromium 0 41 < 5 < 5 < 5 
Copper 6 41 < 5 50 < 5 1,000 
I ron                          - 41 < 50 3,800 545 773 715 300 
Lead 2 41 < 5 9 < 5 
Manganese               - 41 < 5 120 10 21 26.2 50 
Mercury 4 40 < 0.01 0.39 < 0.01 
Zinc 1 41 < 50 100 < 50 5,000 
1Data col lected from 41 wells between 4-11-
2USEPA, 1982, Secondary maximum contaminant 
water regulat ions) : U.S. Code of Federal 
1987, p. 374. 
85 and 6-15-87. 
: levels (sect ion 143.3 of part 143, National 
Regulations, T i t l e 40, parts 100-149, rev ised 
secondary dr ink ing 
as of July 1, 
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545 and 10 µg/L, respectively. Average concentrations for these same two parameters are 773 
and 21 µg/L, respectively. Other than iron and manganese, no trace metal constituents occur in 
concentrations above recommended USEPA (1982) or Illinois Pollution Control Board (1984a, 
1984b) limits. 
Ground-water quality data obtained from the ISWS water-quality database, although spanning 
a period of 69 years (1914-1982), were summarized for both the larger study area and the detailed 
study area around Lake Calumet (shown in figure 1). The larger study area accounts for 
approximately 18 percent of the 954 square mile area of Cook County. Within this area up to 
185 ground-water analyses have been conducted on as many as 119 Silurian dolomite wells. 
Recognizing that averages over space and time of parameters that are transient may not be valid, 
a statistical summary of the ground-water quality data from the Silurian dolomite aquifer (table 
10) is compared to the Cook County water quality data presented above. 
Median values for the major inorganic constituents within samples from the southeastern part 
of Cook County are as follows: calcium, 116 mg/L; chloride, 13 mg/L; magnesium, 52 mg/L; 
sodium, 34 mg/L; and, sulfate 226 mg/L. Average values for these same constituents are within 
six percent of the median except for chloride (33.7 mg/L) and sodium (50.8 mg/L). The median 
and average total dissolved solids (TDS) are 663 and 691 mg/L, respectively. All of the medians 
for the above constituents are within 20 percent of the medians presented in table 9 for all of 
Cook County. 
Three of the major inorganic constituents have also been compiled for the area of detailed 
study around Lake Calumet Median values for chloride, magnesium, and sulfate, compiled from 
analyses of samples from 10 to 15 wells, are as follows: chloride, 25 mg/L; magnesium, 12.6 mg/L; 
and, sulfate, 7 mg/L. Average concentrations for this same group of samples are significantly 
higher than the medians because of the small number of observations. The magnesium and 
sulfate concentrations in the samples from the Lake Calumet area are generally less than those 
from the larger study area, whereas chloride concentrations are greater. 
If plotted on a map, concentrations of most major inorganic constituents in ground water 
from the Silurian dolomite would generally decrease from west to east across southeastern Cook 
County, with the lowest concentrations of many parameters occurring in the Lake Calumet area. 
This trend of lower inorganic constituent concentrations in the Lake Calumet area is further 
supported by looking at the median TDS and iron concentrations from ground-water samples. 
The median TDS and iron concentrations in the area of detailed study are 273 mg/L and 200 
µg/L, respectively, whereas median TDS and iron concentrations from the larger study area are 
663 mg/L and 800 µg/L. Theoretically, concentrations of most inorganic parameters should be 
expected to increase in the direction of ground-water flow. However, higher rates of ground-
water pumpage in the western part of Cook County versus the Lake Calumet area may account 
for the higher levels of inorganics to the west 
Although the ground-water quality information presented above is important for 
comprehending regional water quality trends, insufficient data of recent origin are available that 
pertains specifically to the Lake Calumet area. However, during the 1980's fourteen water wells 
on the south and east sides of Lake Calumet have been investigated by the IDPH and IEPA in 
response to concerns of ground-water contamination. Although the analyses on the samples from 
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Table 10. S t a t i s t i c a l summary of t h e ground - w a t e r q u a l i t y 
da ta from t h e ISWS w a t e r - q u a l i t y d a t a b a s e f o r t h e 
S i l u r i a n dolomite a q u i f e r i n both t h e f u l l and 
i n t e n s i v e s tudy a r e a s , 1914 th rough 1982 
Townships 36N., 37N.; Ranges 1 3 E . , 14E., 15E . 
Major c o n s t i t u e n t s (mg/L) n-samoles N-wells Minimum Maximum Median Average S td . Dev. 
Calcium, t o t a l r ecover 88 76 4 . 4 186 116 120 36 .1 
Chlor ide , d i s s o l v e d 185 119 < 1 440 13 33.7 65.8 
Magnesium, t o t a l recover 92 50 1 90 51.9 48.7 22.4 
Nitrogen, ammonia t o t a l 54 29 < 0 . 1 0 0 1 .300 0.580 .534 .278 
Potassium, t o t a l recover 45 18 2 . 5 6 8 . 0 8 . 3 9.18 9.26 
S i l i c a , d i s so lved 71 32 7 . 8 23 1 4 . 14 .1 3 . 0 
Sodium, t o t a l recover 74 35 5 4 4 5 3 4 . 50.83 54.41 
S u l f a t e , d i s so lved 116 72 0 . 6 8 5 9 . 226. 223.6 135.7 
I n d i c a t o r parameters 
S o l i d s , r e s i d u e a t 
180*C (mg/L) 184 118 180 2278 662.5 691.3 299.4 
pH (s tandard u n i t s ) 40 26 6 . 6 8 . 3 7 . 4 7.48 0.381 
Trace Samples > Detect ion 
c o n s t i t u e n t s d e t e c t i o n l i m i t 
( µ g / L ) l i m i t (µg/L) 
1 13 8 < 1 5 1                        -                       -Arsenic 3 
Cadmium 1 .5-3 11 6 1 29 3 - -Chromium 2 3 - 5 11 6 5 10 5 - -
Copper 10 3 - 5 23 12 3 40 10 - -
Iron                               - - 176 112 100 2 9 5 , 0 0 0 800 4330 23,720 Lead 10 5 16 9 <5 50 10 - -
Manganese                   - 5 50 24 <5 700 18 - -
Mercury 1 50 11 9 <50 150 <50 - -
Zinc                              - 2 - 5 28 13 <2 410 16 
Lake Calumet Quadrangle (De ta i l ed Study Area) 
Maior c o n s t i t u e n t s (mg/L) n-samoles N-wells Minimum Maximum Median Average S td . Dev. 
Chlor ide , d i s so lved 16 15 17 3 8 5 2 5 47.9 87.4 
Magnesium, t o t a l recover 13 12               1 5 5 . 7 12.6 14.6 13.4 
S u l f a t e , d i s so lved 10 10 0 . 6 96 7 18.8 27.20 
I n d i c a t o r parameters 
S o l i d s , r e s idue a t 
180* C (mg/L) 16 15 232 952 272.5 340.6 172.5 
Trace 
c o n s t i t u e n t s 
(µg/L) 
16 15 100 2 9 5 , 0 0 0 200 22,820 Iron 71,940 
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the wells were primarily for organic priority pollutants, some analyses for inorganic parameters 
were also performed. 
Information on the wells previously sampled is provided in table 11. Six wells were sampled 
in 1984-85 and ten wells were sampled in 1988-89, with two of the ten wells sampled in 1988-89 
having also been sampled in 1984-85. Locations of the previously sampled wells is shown in 
figure 16. The only inorganic parameter tested for in most of the ground-water samples was TDS. 
The TDS in samples from 11 wells ranged from 140 to 480 mg/L. One additional sample had a 
TDS of 950 mg/L. The median and average TDS concentrations for the 12 samples are 285 and 
356 mg/L, respectively. 
The results of determinations for organic priority pollutants in the samples are presented in 
table 12. Fourteen wells were sampled for volatile, acid extractable, and base/neutral extractable 
organic compounds. Five samples had detections of at least one organic compound in excess of 
1 µg/L or above the method detection limit All other samples had no compounds in excess of 
1 µg/L. At least one of the following three compounds, bis (2-Ethylhexyl) phthalate, di-n-butyl 
phthalate, and di-n-octyl phthalate, were detected in all five of the samples. These compounds, 
which are used as plasticizers, are often introduced into water samples from well materials, sample 
collection tubing, or other sampling equipment 
Significant organic compound concentrations were only found in wells 21 and 23 (table 12 
and figure 16). Phenol, an acid extractable organic compound, was detected at concentrations 
of 29 and 12 µg/L in these two wells. Toluene and benzene, both VOCs, were detected in well 
23 at concentrations of 7 and 1.5 Mg/L, respectively. Since these wells were subsequently 
abandoned and sealed, further testing for confirmation of these results was not performed. 
Facilities with Ground-Water Monitoring 
As discussed earlier in the section on availability of ground-water quality information, there 
is a large source of data available through the IEPA, and to a lesser extent the USEPA, on 
monitoring wells at regulated facilities in the Lake Calumet study area. Excluding several wells 
operated by the MWRDGC for monitoring water quality adjacent to their tunnels in the Silurian 
dolomite, there are an estimated 122 monitoring wells in the unconsolidated deposits and 74 
monitoring wells in the Silurian dolomite within the Lake Calumet area. Some of these 
monitoring wells have been either lost or are no longer used. 
The monitoring wells are found at 16 facilities within the area. Some facilities have as few 
as two monitoring wells while others may have a few dozen. Some facilities monitor only the 
upper unconsolidated deposits or the Silurian dolomite aquifer while others monitor both. The 
location of monitoring wells in the unconsolidated deposits and Silurian dolomite aquifer are 
shown in figures 17 and 18. The name and location of all the facilities that currently, or at one 
time, had monitoring wells is given in figure 12. The only facilities on the list in figure 12 which 
do not have monitoring wells are sites' 6 (Alburn Incinerator) and 8 (MWRDGC #4). However, 
both these facilities are included in the listing because there is some ground-water quality 
information available. In the case of site 6, two production wells in the Silurian dolomite were 
tested for contamination in 1983. At site 8, the MWRDGC regularly monitors water quality at 
three lysimeters placed in the vadose zone of their sludge drying facility. 
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1 abandoned and sealed 
2 37N14E24.8D 150 industrial 02/26/90 01/23/89d 
3 37N15E30.6F 450 commercial 02/26/90 
4 37N14E36.1A 310 commercial 02/27/90 04/09/90 03/04/88 
5 37N15E20.6D 200 commercial 02/27/90 
6 37N15E17.2A 174 conservation 02/27/90 04/09/90 04/04/88 
7 36N14E05.4G 320 commercial 02/28/90 04/09/90 
8 37N14E34.6D 169 commercial 02/28/90 04/09/90 03/04/88 07/10/85d 
9 36N14E13.7F 120 domestic 02/28/90 04/09/90 
10 36N15E05.4F 174 conservation 02/28/90 04/10/90 04/04/88 
11 36N15E07.1A 350 domestic 03/01/90 04/10/90 
12 37N14E35.2D 313 conservation 03/06/90 04/09/90 06/--/85d 
13 36N15E18.8D 175 conservation 03/06/90 04/09/90 
14 36N15E05.3B conservation 03/06/90 04/10/90 04/04/88 
15 37N15E20.4B 265 conservation 03/06/90 04/10/90 
16 36N15E20.2F 158 conservation 03/06/90 04/10/90 
17 37N14E36.1C 428 commercial 02/29/88 
18 37N15E31.7B commercial 02/29/88 
19 37N14E36.1B 500 commercial 02/29/88 
20 37N14E35.2E conservation 02/29/88 06/--/85d 
21 37N14E34.5D domestic 08/15/84e abandoned and sealed 
22 37N14E34.5D 250 domestic 08/15/84e abandoned and sealed 
23 37N14E34.5D 125 domestic 08/15/84e abandoned and sealed 
24 37N14E12.2B 84 monitoring 07/19/90 installed 06/18/90 
25 37N14E22.6H 77 monitoring 07/19/90 installed 06/19/90 






Sampling and analysis performed by the ISWS. 
Sampling performed by the ISUS and IEPA; analysis performed by the IEPA. 
All sampling and analysis performed by the Illinois Department of Public Health unless otherwise noted. 
Illinois Environmental Protection Agency (IEPA) 
Metropolitan Water Reclamation District of Greater Chicago (MURDGC) 
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W e l l 
Depth 
( feet ) 
Figure 16. Location of Silurian dolomite wells sampled for ground-water quality 
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Table 12. Results 
Silurian 






Organic Priority Pollutants Greater than 1 
µg/1-1 or instrument detection limit (µg/1-1) 
2 01/23/88 NO 
4 03/04/88 ND 
6 04/04/88 ND 
8 07/10/85 ND 
8 03/04/88 ND 
10 04/04/88 ND 
12 06/—/85 DCM 6.8, bP 3.3, phenol 0.6 
14 04/04/88 ND 
17 02/29/88 ND 
18 02/29/88 ND 
19 02/29/88 ND 
20 06/—/85 DCM 3.4, bP 22.7, phenol 0.8, DBP 1.4, 
DOP 0.9 
20 02/29/88 ND 
21 08/15/84 bP 10.7, phenol 29 
22 08/15/84 bP 4.9 
23 08/15/84 bP 0.9, phenol 12, toluene 7, benzene 1.5 
Note s: DCM, dichloromethane; bP, bis (2-Ethylhexyl) phthalate; 
DBP, di-n-butylphthalate; DOP, di-n-octylphthalate; 
ND, no organic priority pollutants detected. 
Well numbers correspond to location and sampling 
information of table 11 and figure 16. 
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Figure 17. Locations of known monitoring wells 
within the unconsolidated deposits of the Lake Calumet area 
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Figure 18. Locations of known monitoring wells within the Silurian dolomite aquifer 
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Most of the information obtained on the 18 facilities to be discussed is from IEPA or 
USEPA files. In order to present an understandable synopsis of some of the information 
obtained for each of the sites, the following information where available is presented by site in 
Appendix A: type of wastes handled, site description, site history, monitoring history, geology, 
ground-water quality obtained from files for surficial deposits, and ground-water quality obtained 
from files for the Silurian dolomite aquifer. Given the large number of monitoring wells, diverse 
monitoring histories, and voluminous amount of data, the information presented in Appendix A 
is in no way meant to be exhaustive. It is merely an overview of all the facilities which have some 
ground-water quality information. Each of the facilities discussed are referenced by a site 
number, facility name, and IEPA identification number, all of which correspond to the 
information presented in figure 12. 
Because of the diversity and varying quality of data available for each of the sites listed in 
figure 12 and discussed in Appendix A, the information is best presented independently for each 
site. The following factors vary considerably both between sites and often within the same site: 
specific chemical analytes, method of sample collection, quality control during sample collection, 
monitoring well materials and construction, sample collection times, and laboratory quality 
assurance and quality control. In some cases, wells thought to have penetrated to the Silurian 
dolomite aquifer were found to be a few feet short There are also wells suspected of not having 
a properly sealed annulus, resulting in surface contaminants moving down the side of the well. 
In order to compare some of the diverse water-quality data compiled in Appendix A, a 
summary of selected information is presented for the unconsolidated deposits and the Silurian 
dolomite in tables 13 and 14, respectively. The information presented in these tables includes the 
concentration ranges of chloride, sulfate, TDS, and TOC as obtained from IEPA and USEPA 
files and databases. The sampling dates, number of wells, number of samples, and parameters are 
variable from site to site. Also presented is a summary of whether significant concentrations of 
organic compounds or trace metals have been detected in the ground water through monitoring 
at each of the sites. Significant concentrations can be defined as those concentrations of 
individual organic compounds or trace metals which are at least one order of magnitude above 
natural ambient concentrations expected for ground water from a particular aquifer. Although 
this definition of a significant concentration is arbitrary, it allows for distinguishing borderline 
detections of ground-water contamination from the more obvious detections. 
Table 13 lists some of the ground-water quality information obtained from samples from wells 
monitoring the uppermost unconsolidated deposits, which in most cases is the Dolton Sand. 
Concentrations of most of the parameters vary widely from low values expected for ground water 
under natural conditions to high values expected for ground water contaminated from landfill 
leachate, sludge disposal, hazardous waste disposal, and numerous other contaminant sources. 
Based on an evaluation of the data available for each of the sites discussed in Appendix A, 
6 of the sites have had significant concentrations of organic compounds detected in samples from 
at least one well. Of the remaining sites, 9 have either no information or insufficient information 
available to make a determination, and 2 sites have no evidence of significant organic 
concentrations based on the obtained data. Similarly, trace metal concentrations have been 
significant in samples obtained from 5 sites. Another 8 sites have either no information or 
insufficient information available to make a determination, and two sites have no evidence of 
significant concentrations based on the obtained data. 
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1 01/84 3 1 140 - 360 <5 - 510 1,100 - 2,000 25.4 - 69.4 2 2 
2 04/87-10/88 4 5 250 - 9,700 1 1 
3 02/88 11 1 110 - 3,800 <10 - 1,600 1,100 - 13f000 14. - 630. 1 1 
4 no sampling data obtained 1 2 
5.6 no sampling data obtained 2 2 
7 10/84-01/87 4 7 18 - 2,250 62 - 2,340 410 - 5,680 3 2 
8b 10/88-12/88 3 6 4 - 228 1,724- 2,630 2,016 - 3,704 2 3 
9 08/80-08/85 7 20c 17 - 400 510 - 8,000 11 - 840 2 2 
10 08/80-08/85 9 20c 22 - 200 290 - 1,067 3 - 45 2 2 
11 08/84-01/87 5-9 8 1 - 3,400 10 - 1,900 900 - 11,700 3.2 - 420 3 3 
12/14 08/83-11/88 4-6 9-13 11 - 2,840 110 - 1,580 480 - 2,990 2.3 - 29 2 2 
13 no sampling data obtained 2 2 
15 11/87 10 1 1 1 
16 07/85 3 1 3,440-10,150 10,900 - 30,600 1 1 
03/88 2 1 2 1 
17 no sampling data obtained 1 1 
18 no shallow monitoring wells - -
a 1 z si 
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tailed in t 
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1 01/84 1 1 57 <10 440 6.1 2 2 
2 no Silurian Dolomite monitoring wells - -
3 02/88 4 1 30 - 810 <5 - 20 480 - 2f000 8.8 - 35. 1 1 
4.5 no Silurian Dolomite monitoring wells - -
6 01/83 2 1 328 - 340 1 1 
7 10/84-01/87 4 7 19 - 1,100 200 - 3,350 3 2 
8 no Silurian Dolomite monitoring wells - -
9 00/85-08/88 3-6 8-11 24 - 240 <10 - 58 2.1 - 3.7 1 3 
10 no Silurian Dolomite monitoring wells - -
11 00/86-00/89 8-10 1-12 6 - 390 1.2 - 8.0 3 2 
12/14 08/83-11/88 4 10-13 24 - 890 390 - 6f870 4.0 - 31 2 2 
13 no Silurian Dolomite monitoring wells - -
15 11/87 5 1 1 1 
16 07/83-08/84 4 4 1 2 
17 no Silurian Dolomite monitoring wells - -
18 07/83-07/89 4 10-12 26 - 98 0 - 84 182 - 538 2 - 12 2 3 
a 1 z si 
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Ground-water quality data obtained from samples from wells monitoring the Silurian dolomite 
aquifer are listed in table 14. Six of the sites have no monitoring wells in the Silurian dolomite. 
Of the remaining sites, five have had significant concentrations of organics detected in at least 
one sample from one well Three sites have had significant concentrations of trace metals 
detected in at least one sample. The remaining sites have had either insufficient information, no 
information, or no significant concentrations of organic compounds or trace metals detected. 
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NEW GROUND-WATER QUALITY INFORMATION 
As discussed in the previous chapter, ground-water samples have been obtained from 
fourteen private and public water-supply wells in the Silurian dolomite aquifer of the Lake 
Calumet area during the 1980's. These samples were analyzed for organic contaminants, although 
several were also analyzed for some inorganic parameters. As part of the present study, sixteen 
existing wells in the Silurian dolomite aquifer were selected for ground-water sampling and 
analysis. Seven of these wells were previously sampled, as shown in table 11 and on figure 16. 
In addition, three monitoring wells were installed into the Silurian dolomite aquifer in order to 
obtain ground-water samples at locations where no existing wells could be found. 
Well Selection and New Well Construction 
Ground-water sampling locations within the study area are very limited because of the small 
number of active pumping wells within the Silurian dolomite aquifer. The sixteen existing wells 
selected for sampling are all located east and south of Lake Calumet No wells could be found 
directly north or west of the lake. Well depths for 14 of the 16 sampled wells range from 120 
to 450 feet below land surface. Average well depth is 238 feet 
Three new monitoring wells were constructed during June of 1990 to provide ground-water 
quality data in locations where no existing wells could be located. These new wells, designated 
with the numbers 24, 25, and 26 in table 11 and figure 16, were installed to depths of 84, 77, and 
58 feet below land surface, respectively. 
The boreholes were rotary drilled through the unconsolidated deposits using a 3-7/8 inch bit 
Split-spoon samples were taken at 5 foot intervals. No drilling muds were added to the water 
used for drilling. Upon reaching the top of the Silurian dolomite, a 2 inch diameter NX core 
barrel was used for continuously sampling the bedrock to a depth of 7 to 8 feet The cored 
bedrock was then widened to a diameter of 4 inches using the rotary drill. 
Upon completion of the drilling a 2 inch diameter well was constructed in the borehole. All 
well materials were steam cleaned prior to emplacement into the borehole. The well materials 
consisted of 5 feet of stainless steel 10-slot screen, 10 feet of stainless steel casing, and the 
appropriate length of PVC casing to bring the well 2 to 3 feet above land surface. The top of 
the screen was placed 2 feet below the bedrock surface. Silica sand was placed from the bottom 
of the borehole to 1 foot above the top of the screen, which was also 1 foot below the bedrock 
surface. The annulus above the sand pack was sealed with Volclay grout to within a few feet of 
land surface. Bentonite pellets were used to backfill the remaining few feet near the top of the 
well. 
In order to insure that no drilling fluids or other contaminants remained in the well, sand 
pack, or Silurian dolomite, two methods were used to develop the wells, circulation of water down 
the well and bailing. The first method of development was circulating water down the well casing, 
which moves water out into the sand pack and formation and up the side of the borehole. This 
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method is employed prior to grouting, which allows drilling fluids and mud cake to be flushed out 
the annulus of the borehole. 
The second method of well development employed, bailing, serves two purposes. First, it 
creates a surging effect in the screened interval when raised and lowered in the well. This helps 
remove fine particles in the formation, sand pack, and well screen. Second, bailing the well 
removes water used during drilling so that water from the screened formation can move into the 
well. 
Sampling and Analysis 
Ground-water samples were obtained from the fourteen private and public water-supply wells 
on two separate occasions. The first sampling was for inorganics and the analyses were performed 
by the ISWS analytical chemistry laboratory. The second sampling was for volatile organic 
compounds (VOCs) and the analyses were performed by the IEPA. 
Before ground-water samples were obtained, each of the wells was purged for 15 to 80 
minutes, depending on the well depth, well diameter, pumping rate, and, if present, the size of 
the bladder tank. Electrical conductivity, temperature, and pH were monitored throughout the 
purging to insure that the water chemistry was stabilized before obtaining the water samples. In 
addition to the above parameters, Eh was monitored during the round of sampling for VOCs. 
Once the indicator parameters stabilized, samples were collected as close to the well 
discharge as possible. Where filtering of samples was required, a 0.45 µM in-line disposable filter 
was used. All inorganic samples were collected in high density polyethylene bottles. During 
sample collection for inorganics, a duplicate was taken at every fifth site for QA/QC. Field blanks 
were also collected. Organic samples were collected in 40 mL amber glass vials with septum caps. 
During the second round of sampling for organics, a duplicate sample was taken at each of the 
sites. Information on how samples were collected for the different parameters follows: 
Metals -500 mL acid leached bottle 
-filter 
-fill bottle to shoulder, air bubbles allowed 
-acidify to 0.5% HNO3 in lab upon return 
Anions -500 mL DI washed bottle 
TDS -filter 
-fill bottle to top, no air bubbles 
Alkalinity -60 mL DI washed bottle 
pH -do not filter 
-fill to top, no air bubbles 
-store at 4°C 
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Ammonia -60 mL DI washed bottle 
-filter 
-fill to top, no air bubbles 
-store at 4°C 
-acidify to 0.2% with H2SO4 
Organics -40 mL amber glass vial with septum cap 
-do not filter 
-fill to top, no air bubbles 
-store at 4°C 
Once collected, all samples were refrigerated in coolers with ice packs. Inorganic samples were 
transported back to the laboratory for analysis within 72 hours of collection. Organic samples 
were delivered within 24 hours of collection. 
Although samples were collected according to a strict sampling protocol, as recommended 
by Barcelona et al. (1985), several potential sources of sample bias could be expected due to well 
materials, plumbing, and pump type. These factors were documented at each of the sampling 
sites. 
Analysis of ground-water samples for inorganic and organic constituents was performed in 
accordance with USEPA methods. The analytical method and USEPA method number for the 
different inorganic constituents are given below: 
Analytical USEPA 
Analyte Method Method 
Metals Inductively coupled 200.7A 
Plasma emission 
TDS, 180°C Gravimetric 160.1 
Anions Ion Chromotography 300.0 
Alkalinity Titrimetric 310.1 
NH4 Row Injection Analysis 350.1 
Water Quality Results 
Inorganics 
A statistical summary of the major inorganic constituents in the ground-water samples from 
the 16 private and public supply wells and 3 monitoring wells is presented in table 15. Full 
analysis results, including an additional 18 inorganic constituents not presented in table 15, are 
found in Appendix B. Duplicate field samples presented in Appendix B were averaged for 
statistical analysis. 
69 
Table 15. S t a t i s t i c a l summary 
da ta c o l l e c t e d f rom 
o f i no rgan i c ground-water q u a l i t y 
1 9 w e l l s i n t h e S i l u r i a n Do lomi te 
a q u i f e r between December 6, 1989 and J u l y 19, 1990. 
Major Constituents mg/L) Minimum Maximum Median Average Std.Dev. 
Calcium, t o t a l recover. 1.96 205 15.0 35.4 48.1 
Chlor ide, dissolved 11.5 189 37.7 44.8 39.9 
Magnesium, t o t a l recover. 0.91 56.79 5.77 14.15 15.89 
Nitrogen, ammonia t o t a l 0.02 0.50 0.13 0.15 0.12 
Potassium, t o t a l recover. 1.91 9.69 2.87 3.83 2.10 
S i l i c a , dissolved 2.69 24.2 5.2 6.0 4.6 
Sodium, t o t a l recover. 27.25 254 98.5 121.9 54.9 
Sul fa te , dissolved < 0.9 544 < 0.9 73.2 140.7 
Indicator Para meters 
Sol ids, residue at 
180°C (mg/L) 237 1,393 371 508 331 
lab pH (standard un i ts ) 6.5 8.8 8.2 8.1 0.47 
Trace 












Cadmium 0 < 5 < 5 
Chromium 0 < 10 < 10 
Copper 4 < 9 375 < 9 
I ron - < 15 21,015 91 1,684 5,002 
Lead 1 < 33 42 < 33 
Manganese 13 < 5 113 9 20 28 
Mercury 0 < 50 < 0.01 
Nickel 0 < 17 < 17 
Zinc 10 < 8 1,470 15 
note: dupl icate water samples averaged p r i o r t o s t a t i s t i c a l ca lculat ions, see appendix 
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Median and average concentrations for all of the major constituents presented in table 15, 
with the exception of chloride and sodium, are significantly lower than in other parts of Cook 
County (see tables 9 and 10). Calcium, magnesium, ammonia, potassium, and silica are 2 to 9 
times lower in median and average concentration than for all of Cook County. However, 
maximum concentrations of some constituents approach or exceed the maximum concentrations 
found in other parts of Cook County. The reasons for these higher concentrations are discussed 
below. 
Of the eight major constituents shown in table 15, only chloride and sodium have higher 
median and average values than in the larger sampling groups presented in tables 9 and 10. The 
higher concentrations of these two constituents in most samples is probably from naturally 
occurring conditions, although some of the highest concentrations may be a result of man-induced 
factors. These man-induced factors include the following: poor well construction, which allows 
surface or near-surface sources of contamination to move down the well or borehole to the 
Silurian dolomite aquifer, and nearby wells which have not been properly abandoned, possibly 
serving as routes of contaminant movement to deeper aquifers. Drop shafts and tunnels of the 
TARP system, operated by the MWRDGC, may also result in a local and short-term exfiltration 
of contaminants into the Silurian dolomite aquifer. As discussed earlier, the scope of the current 
study does not encompass ground-water quality adjacent to the tunnels. 
Well number 12, samples from which have elevated concentrations of several constituents, 
is a likely example of man-induced factors. The reason for the high concentrations in this well 
is attributed to poor well construction, which provides an easy path for contaminants in the 
surficial materials of the area to move into the Silurian dolomite aquifer. Laboratory pH 
determined for the sample from this well is 6.5, which is more than one order of magnitude lower 
than the pH values determined from the other ground-water samples. All other ground-water 
samples collected during the current study range in pH from 7.7 to 8.8. 
The only trace constituents detected in any of the samples from the 19 wells were copper, 
iron, lead, manganese, and zinc. Arsenic, cadmium, chromium, mercury, and nickel were below 
the method detection limit in all of the samples. A lead concentration of 42 µg/L was detected 
in a sample from well 13. This concentration is slightly above the detection limit of 33 µg/L and 
is below any drinking water standards. Copper concentrations ranging from 17 to 375 µg/L were 
detected in four samples, well below the secondary drinking water standard of 1,000 µg/L set by 
the USEPA (1982). Similarly, levels of manganese and zinc are generally within drinking water 
standards in most of the samples. However, iron concentrations in 6 of the 16 sampled wells are 
greater than 300 µg/L, which is regarded as a concentration above which the water may be 
aesthetically unpleasing but not a health risk. 
The only water sample which had exceptionally high concentrations of several trace 
constituents was from well number 12. Iron, manganese, and zinc concentrations in the sample 
from this well were 21,015, 113, and 1,470 µg/L, respectively. In addition, boron and barium 
concentrations in the same sample were 5.97 µg/L and 422 µg/L, respectively. Combined with 
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the low pH and high concentrations of major constituents, it can be concluded that ground water 
in the area of well 12 is contaminated with both major inorganic constituents and trace metals. 
Volatile Organic Compounds 
Fourteen ground-water samples were collected from the well sites for volatile organic 
compound (VOC) analysis. Two of the fourteen samples, from sites 4 and 6, could not be 
analyzed because of the presence of air bubbles within the sample bottles, precluding VOC 
analysis. The remaining twelve samples (table 11) were analyzed for the 21 Priority Pollutant 
VOCs listed in table 16. All of the VOCs in table 16 were less than 1.0 µg/L in the twelve 
ground-water samples. 
VOCs are a major indicator and tracer of organic pollutant movement Based on the finding 
that none of the VOCs analyzed for in the ground-water samples were above 1.0 µg/L, it can be 
concluded that there is no indication of organic contamination within the Silurian dolomite 
aquifer in the vicinity of the sampled wells. 
T a b l e 1 6 . V o l a t i l e o r g a n i c compounds a n a l y z e d 
i n g r o u n d - w a t e r s a m p l e s from t h e 





















Discussion of ground-water quality in the Lake Calumet area must be structured around two 
sets of interrelated factors. The first set of factors pertains to the source, movement, and 
ultimate fate of contaminants. The second set of factors are the geologic materials through which 
ground water moves. The geologic materials of interest in the Lake Calumet area are the shallow 
unconsolidated deposits and the uppermost bedrock aquifer, the Silurian dolomite. 
Shallow Unconsolidated Deposits 
Spatial distribution and thickness of the shallow unconsolidated deposits is the most 
important factor in determining the major routes of contaminant movement from sources of 
contamination towards the surface waters of the region, including Lake Calumet, Lake Michigan, 
Calumet River, Grand Calumet River, and Calumet Sag Channel. 
The shallow unconsolidated deposits consist of one or more of the following materials, 
depending on the location: silt and clay drift deposits, sand associated with spits and bars of 
glacial Lake Chicago, and fill deposits. The materials of greatest concern in regards to ground-
water transport of contaminants are the more permeable materials, sand and fill. Fill deposits 
overlie the natural geologic materials over much of the study region. Along the shoreline of Lake 
Calumet, the Calumet River, and the Calumet Harbor of Lake Michigan the fill deposits are 
ubiquitous, providing highly permeable pathways for contaminants within the ground water. 
Unlike the sand spit and bar deposits, which are fairly uniform in composition, the fill deposits 
are highly heterogeneous in composition, consisting of lake and river dredge deposits of sand, silt, 
and clay, municipal and hazardous waste materials, slag deposits from the steel industry, and 
construction debris. Thus, in addition to serving as a ground-water transport medium, the fill 
deposits in some areas are also a source of contamination. 
Seventeen ground-water samples taken by the IEPA in 1983 from the Lake Calumet area 
did not reveal widespread ground-water contamination. Two sites had indications of VOC 
contamination and the only trace metal constituents which appeared in detectable quantities in 
most of the samples were iron and manganese. Conversely, ground-water quality data obtained 
from 17 regulated facilities with ground-water monitoring showed that at least 7 of the facilities 
may have significant organic and/or trace metal contamination of the ground water. 
The disparity between the IEPA data and the ground-water monitoring data from the 
regulated facilities can be attributed to differences in sampling locations. Ground-water 
monitoring at the regulated facilities is in place because these are known potential or actual 
sources of contamination. Some degradation of shallow ground-water quality should be expected 
at many of these sites. In contrast, most of the IEPA data are from ground-water samples which 
are not located within or adjacent to sources of contamination. 
Given the heterogeneous nature of the surficial deposits and the highly altered topography 
of the Lake Calumet area, the currently available data are insufficient to determine the transport 
and fate of contaminants. No information is available to determine the degree to which 
contaminants are being transported from sources into the surface waters of the area. 
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Contaminant movement can only be studied by constructing monitoring wells downgradient of 
contaminant sources, between the sources and discharge areas into streams, lakes, and wetlands. 
In addition, detailed information is required on the composition of surficial materials, location of 
ditches, pipelines, and sewers, and location and topography of highways, railroads, and other 
urban features. 
Silurian Dolomite Aquifer 
Potential for Ground-Water Contamination 
The more permeable shallow deposits are separated from the Silurian dolomite aquifer by 
a thick sequence of predominantly clay drift deposits of the Wadsworth Till Member and Lemont 
drift of the Wedron Formation, as discussed in the earlier section on geology. Field and lab 
permeability tests on the till suggest that the Wedron Formation restricts the downward 
movement of ground water to less than 1 foot per year. The retarding effects of thick sequences 
of predominantly clay drift on downward ground-water movement, in addition to the attenuation 
of contaminants by the geologic materials, is supported by ground-water quality data for the 
Silurian dolomite aquifer from both the current and previous studies. No indication of 
contaminant movement through the unconsolidated deposits to the Silurian dolomite is evident 
from ground-water quality data. 
Although inorganic and organic contaminants have been detected in ground-water samples 
from the Silurian dolomite in both water-supply wells and monitoring wells, the contamination 
is not attributed to natural ground-water transport through geologic materials overlying the 
bedrock aquifer. Occurrences of ground-water contamination within the Silurian dolomite can 
be attributed primarily to man-made influences resulting from excavations which bypass the 
natural geologic protection provided by thick sequences of clayey drift deposits. One of the most 
likely routes of contaminant transport are wells, including improperly constructed or abandoned 
wells, and observation wells. Another potential source are civil works such as TARP tunnels and 
others, particularly if this potential has not been addressed in the planning and design. 
Dozens of Silurian dolomite wells in the Lake Calumet area have been abandoned. These 
abandoned wells include two wells at the old Alburn Incinerator site (see Site 6 in Appendix A) 
and dozens of wells constructed by the MWRDGC during the 1960's and 1970's for research for 
the TARP project It is unlikely that any of these wells will be sealed due to the difficulty and 
expense in locating them and the cost of properly sealing them. 
Based on the available geologic, hydrologic, and water quality data, the potential for 
widespread regional ground-water contamination of the Silurian dolomite aquifer is unlikely given 
the natural protection of drift deposits over much of the Lake Calumet area The drift thickness 
is generally between 40 and 115 feet, limiting downward movement of ground water and any 
associated contaminants. However, localized contamination is evident in some areas based on 
ground-water sample chemical analyses. These areas of local contamination are probably a result 
of man-made excavations into the Silurian dolomite. 
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Potential for Surface Water Contamination via Ground Water 
Potentiometric surface maps presented earlier show that under natural conditions ground 
water in the Silurian dolomite generally flows eastward and southeastward towards Lake Michigan 
and northwestern Indiana. This natural flow direction has been partially altered as a result of 
ground-water pumping; the dropshafts and tunnels of TARP may also be affecting the natural 
flow direction of the ground water. Ground water which is not diverted by wells or tunnels 
ultimately discharges upward into Lake Michigan through the bottom sediments. 
An additional hydrologic factor governing ground-water movement within the dolomite is the 
permeability, which can be expressed for the entire thickness of the aquifer by looking at the 
transmissivity. Transmissivities for the Silurian dolomite generally decrease eastward from range 
13 E. towards range 15 E. Within the Lake Calumet area, eight transmissivites were calculated 
from data on driller's reports and ranged from 38 to 2,572 gpd/ft with a median value of 116 
gpd/ft. Given such low transmissivities, the quantity of ground water discharging from the 
dolomite of the Lake Calumet area to Lake Michigan is negligible. 
Based on ground-water quality determinations for the Silurian dolomite aquifer and the 
information presented above, it can be concluded that the potential for surface water 
contamination from ground water in the Silurian dolomite aquifer is low relative to the potential 
impact that contaminated ground water in the surficial unconsolidated deposits may have on the 
surface waters of the area. Although the Silurian dolomite is an important aquifer and steps 
should be taken to insure that it is not contaminated, future ground-water quality studies in the 
Lake Calumet area should focus on the surficial materials and their interaction with surface 
waters of the region. 
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STRATEGY FOR THE DESIGN OF A MONITORING WELL NETWORK 
IN THE SILURIAN DOLOMITE AQUD7ER 
According to Canter et al. (1988), there are two broad types of ground-water quality 
monitoring networks which can be defined. The first type is Source Assessment Monitoring. This 
type of monitoring is for assessing existing or potential impacts from a proposed, active, or 
abandoned pollutant source. All of the privately monitored sites in the Lake Calumet study area, 
discussed earlier, fall within this categorization. The goal of monitoring at these sites is to assess 
changes in ground-water quality over a localized area where there is a known or potential source 
of ground-water contamination. In the case of the monitored sites within the study area, water 
quality in either the shallow unconsolidated deposits (principally the Dolton Sand) or the 
underlying Silurian dolomite is monitored. At some sites, water quality in both the 
unconsolidated deposits and the Silurian dolomite are monitored. 
The second type of monitoring network is Basinwide Ambient Trend Monitoring. This type 
of monitoring encompasses a large geographical area and concentrates on determining long-term 
fluctuations in overall ground-water quality (Canter et al., 1988) within one or more aquifers. 
Natural ground-water quality can also be assessed with this type of monitoring. 
A third classification of monitoring, introduced by Todd et al. (1976), is Research Monitoring. 
This type of monitoring is directed towards understanding ground-water movement, contaminant 
transport, and spatial and temporal variations occurring within the subsurface. Research 
Monitoring should not be regarded as a completely separate entity from Source Assessment and 
Basinwide Ambient Trend Monitoring, but as a complementary type of monitoring. A monitoring 
well network designed for Source Assessment may also be used for Research Monitoring. Any 
time a well is installed into the subsurface it can be used to provide information about the 
physical properties of the subsurface environment All succeeding discussions of monitoring 
networks will be with the tacit understanding that Research Monitoring is included. 
The primary reasons for monitoring the Silurian dolomite aquifer in the Lake Calumet area 
are to characterize and observe regional ground-water quality and, if found, identify sources of 
contamination. This type of monitoring can be considered a hybrid of Basinwide Ambient Trend 
and Source Assessment Monitoring. Although Source Assessment Monitoring is being conducted 
at several regulated facilities, there has been no comprehensive plan for evaluating ground-water 
quality outside of these facilities. An area-wide monitoring network is required to address all the 
potential sources of contamination in the Lake Calumet area and to understand the interactions 
of the ground-water system with these sources. 
A general methodology for conducting a regional ground-water quality study and 
implementing a ground-water monitoring network was developed by Wehrmann et al. (1988). 
The two phases, each of which is one year in duration, follow. 
76 
Phase 1 - Year 1 
1. Delineate the study area 
2. Compile existing ground-water information 
3. Assess the spatial distribution, types, and number of wells 
4. Assess existing information 
5. Select wells for sampling and water-level measurement 
6. Sample and analyze water from an initial well set 
7. Assess initial results and determine additional sampling sites 
8. Evaluate and summarize accumulated data 
Phase 2 - Year 2 
1. Determine areas in need of further study; design monitoring network 
2. Install preliminary set of monitoring wells 
3. Collect and analyze samples and assess data from preliminary wells 
4. Install, collect, and analyze samples from additional monitoring wells 
5. Evaluate and summarize the monitoring effort 
Essentially all of the tasks outlined by Wehrmann et al. (1988) for Phase 1 were completed 
for the Silurian dolomite aquifer as part of the study described in this report After compiling 
and assessing all the available information, a set of existing wells in the Silurian dolomite were 
selected and sampled for a wide range of ground-water quality parameters. In addition, three new 
monitoring wells were installed where no existing wells could be found in order to have a more 
complete spatial distribution of ground-water quality within the study region. 
Based on the finding that the Phase 1 monitoring effort did not detect regional ground-water 
contamination within the Silurian dolomite aquifer, it is recommended that future ground-water 
studies should be directed at further investigating the shallow unconsolidated deposits of the Lake 
Calumet area and their interaction with surface waters. Given that decision, and recognizing that 
the group of Silurian dolomite wells sampled for ground-water quality in the current study do not 
constitute a designed monitoring well network, it is recommended that several of the dolomite 
wells be periodically sampled in order to assess long-term changes in ground-water quality. 
Should degradation of ground-water quality occur in any of the sampled wells, a more detailed 
study within that area can be conducted to determine the source(s) of contamination. 
Other than monitoring wells at regulated facilities, the availability of Silurian dolomite wells 
for ground-water sampling is limited to the number, spacing, and location of existing wells and 
the three new monitoring wells. However, two other factors must be considered in order to 
operate this proto-ground-water monitoring network. These factors are sampling frequency and 
ground-water sampling parameters. Because no significant contamination has been detected in 
ground-water samples from wells tested during this study, and given the low rate of ground-water 
movement within the Silurian dolomite aquifer in the Lake Calumet area, samples should be 
collected every one to two years. Parameters to be sampled should include, at a minimum, pH, 
specific conductance or TDS, heavy metals, and total VOCs. A more complete set of 
contaminant indicators, as modified from a list of chemical constituents recommended for regional 
contaminant detection efforts by Helfrich et al. (1988), is given in table 17. 
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T a b l e 1 7 . P a r a m e t e r s t o b e sampled f o r c o n t a m i n a n t d e t e c t i o n 
m o n i t o r i n g (mod i f i ed a f t e r H e l f r i c h e t a l . , 1988) 
Contaminant Indicator Parameters 
pH, specific conductance, TOC, TOX 
Dissolved Mineral Constituents 
Caz + , Mg2+ , Na+, K+ , HCO3-, Cl- NO3-, SO4=, SiO2, NH 4 + 
Trace Chemical Constituents 
Inorganic: Fe, Mn, Cu, Cd, Cr, Pb, Zn 
Organic: volatile chlorinated compounds (e.g. chloroform, trichloroethane, 
trichloroethylene, tetrachloroethylene), volatile aromatic compounds (e.g. 
benzene, xylene, toluene), nonvolatile compounds (e.g. phenols, poly-nuclear 
aromatic hydrocarbons, pesticides, etc.) 
Because most of the wells being sampled are not monitoring wells by design, the reliability 
of the ground-water quality data collected may be questioned. In particular, considerable sample 
bias may be introduced by the device used to remove a ground-water sample from the well. 
Another source of sample bias is introduced when samples are collected after the ground water 
enters a bladder tank, which allows for degassing and volatilization of constituents. 
The two types of pumping mechanisms used in the water wells sampled during the study were 
positive-displacement hand pumps and submersible centrifugal pumps. Positive-displacement 
pumps are generally acceptable for sample collection. Because the sample does not contact the 
atmosphere there is a reduced possibility of degassing and volatilization. However, because the 
pumps used in the study were hand pumps with an open-ended discharge, some volatilization and 
degassing may have occurred prior to sample collection at the discharge point 
Submersible centrifugal pumps may contribute considerable bias to ground-water quality data. 
Ground-water sampled with a submersible pump may become contaminated through contact with 
metals and lubricants within the pump. This potential source of sample contamination must be 
considered when interpreting samples with significant levels of trace metals or organic compounds. 
A more complete discussion of ground-water monitoring and sampling bias is found in a 
publication by Gillham et al. (1983). 
Although a temporary strategy for collecting ground-water samples from the Silurian dolomite 
aquifer has been outlined above, this should not be construed as an optimal design for detecting 
ground-water contamination. Implementation of a ground-water monitoring program requires the 
placement of dedicated monitoring wells based on geostatistical analyses of ground-water quality. 
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APPENDICES 
Appendix A. Facilities with Ground-Water Monitoring 
Site 1. Interlake Landfill and Coke Plant (IEPA I.D. #0316000025) 
Tar sludge generated on site is stored in waste piles until it is neutralized in the coal processing 
operation. There is no regulated ground-water monitoring under the jurisdiction of the IEPA 
or USEPA, although in excess of three dozen piezometers have been installed on the 
approximately one-half square mile site. Six of those piezometers are installed in the Silurian 
dolomite aquifer, with the remainder in the upper surficial deposits. 
Surficial Deposits 
Water quality samples taken on 1/4/84 for three shallow wells, ranging in depth from 13 to 16 
feet, were obtained from IEPA flies. The three wells are generally constructed in several feet 
of fill overlying fine sand, silt, and clay. Water levels for the three wells ranged from 7 to 11 feet 
below land surface on the sampling date. Chloride ranged from 140 to 360 mg/L, iron from 0.3 
to 11.0 mg/L, sulfate from less than 10 to 510 mg/L, TOC from 25.4 to 69.4 mg/L, and ROE from 
1,100 to 2,000 mg/L. Phenols in two wells were below the detection limit of 0.02 mg/L, and the 
third well had a concentration of 0.09. 
Silurian Dolomite 
Water quality information was obtained for a dolomite well with a depth of 106 feet and water 
level of about 35 feet below land surface. Chloride was 57 mg/L, iron 0.2 mg/L, manganese less 
than 0.05 mg/L, sulfate less than 10 mg/L, TOC was 6.1 mg/L, and ROE was 440 mg/L. Zinc and 
phenol were below their respective detection limits. 
Site 2. SCA Chemical Services (IEPA I.D. #0316000058) 
Hazardous waste generator, storage, and treatment facility. Hazardous waste incinerator. The 
SCA facility is a pier-like structure extending westward into Lake Calumet and occupying 
approximately 5.5 acres. The pier was constructed from dumping of assorted refuse over 
unconsolidated marsh and lacustrine deposits (P.E. LaMoreaux and Associates, Inc., 1985). There 
is regulated ground-water monitoring only of the surficial materials. No monitoring wells are 
constructed in the Silurian dolomite. Over 18 monitoring wells are located in the surficial 
materials. 
Surficial Deposits 
According to information obtained from IEPA files, ground water entering the site along the 
northeast corner is high in sulfate and magnesium and moderately high in calcium, suggesting 
upgradient contamination sources affecting the background ground-water quality. Elevated 
inorganic constituents in monitoring wells on site are primarily chloride and sodium. Water levels 
in wells in the interior of the site are as much as 6 feet higher than those near the lake, with 
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ground-water discharging through the perimeter into Lake Calumet (P.E. LeMoreaux and 
Associates, Inc., 1985). Perimeter wells are in near-equilibrium with the lake and fluctuate with 
changes in level of the lake water. 
Four monitoring wells on site each had five water sample analyses conducted between 4/87 and 
10/88. Concentrations of sodium from these analyses ranged from 695 to 6,550 mg/L and chloride 
from 250 to 9,700 mg/L. Arsenic values were consistently below the detection limit of 4 Mg/L in 
samples from two wells and ranged from 16 to 58 µg/L in the other two wells. Likewise, 
concentrations of lead were generally below detection limits of 4 to 10 Mg/L. Of twenty sample 
analyses from the four monitoring wells, detectable amounts of lead were found only in 4 samples, 
all of which were at or below 13 Mg/L. 
Concentrations of organics in the samples were fairly consistent through 1988. No apparent 
release of hazardous waste or constituents from impoundments on the site were indicated. 
Organic compounds above instrument detection limits were below 100 Mg/L in all but a few 
samples. The most elevated compound was acetone, which had maximum values up to 165 Mg/L. 
Phenol was significantly above the detection limit in only one well, with a concentration of 51.4 
µg/L on 10/28/88. Concentrations of phenol prior to that sample analysis were consistently below 
3 µg/L (Chemical Waste Management Chemical Services, Inc., 1989). 
In addition to the monitoring well sample analyses discussed above, samples from four additional 
wells sampled on 10/27/88 have average TOC concentrations of 28, 37, and 42 mg/L and phenol 
concentrations of 98, 100, and 220 Mg/L. 
Site 3. Paxton II (IEPA I.D. #0316000033) 
A general municipal waste landfill, Paxton II occupies approximately 75 acres or 0.12 square miles 
of area. As of September, 1986, 52 acres of the site was fill area. The site accepted hazardous 
waste from September 1978 through November 1980 (IEPA, 1986b) and continued to accept non-
hazardous special waste for several years following. Ground-water monitoring was initiated in 
1976. The depth of fill on the perimeters of the site, away from the center of the landfill, 
generally ranges from 0 to 15 feet in thickness. Towards the center of the landfill the fill 
thickness is in excess of 80 feet. 
A hydrogeologic investigation by Roy F. Weston, Inc. (1989), identified five basic stratigraphic 
units at this site: clay fill, refuse, lacustrine sand, glacial till, and Silurian dolmite bedrock. The 
clay fill is found over the entire site in thicknesses ranging from 0 to 15 feet The fill is a 
heterogeneous mixture of silty clay, concrete, slag, and gravel, with infrequent fragments of glass 
and metal. The clay fill generally lies on lacustrine sand, although it may also lie on refuse or 
clay. The sand unit is laterally continuous over much of the site and ranges in thickness from 0 
to 11 feet, with thicknesses of 0 to 2 feet at the northwest corner of the site increasing to 5 to 
11 feet at the northeast, southeast, and southwest corners. In some areas the sand has been 
excavated and replaced with fill material. Based on sieve analyses and comparison with other 
nearby sites, the sand unit is probably part of the Equality Formation, which is found near the 
surface over large areas of the region. 
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Beneath the fill, sand, and refuse lie two distinctive glacial till units. The glacial till units are the 
most laterally extensive and thickest of the unconsolidated materials in the region. The upper 
till is characterized as a gray, silty, pebbly or gravelly, clay till with occasional sandy horizons. This 
layer ranges in thickness from 18 to 23 feet and is found at depths below ground surface of 13 
to 25 feet Underlying this upper till is a discontinuous silt or sand seam found at depths of 34 
to 44 feet and rangeing in thickness from 3 to 5 feet The lower glacial till is characterized as a 
dark gray, massive, silty clay with scattered sand, gravel, and pebbles. This lower till unit ranges 
from 47 to 63 feet in thickness and is found at depths of 34 to 45 feet Based on four wells that 
penetrated into the top of the Silurian dolomite aquifer, total thickness of the unconsolidated 
materials ranges from 80 to 100 feet (Roy F. Weston, Inc., 1989). 
Ground-water flow in the sand unit discharges predominantly to surface waters. Shallow ground-
water flow is generally radially outward from the more elevated landfilled areas towards areas of 
lower topographic elevation. 
Ground-water sample analyses are available from IEPA's ground-water quality database for 17 
wells constructed within the unconsolidated deposits. According to IEPA (1988) fourteen wells 
are currently part of the ground-water monitoring program. Twelve wells, ranging in depth from 
11 to 26 feet, monitor the upper deposits of Gil and sand. Two wells, constructed to depths of 
44 and 57 feet, monitor the silt or sand layer lying between the upper and lower till units. In 
addition, four bedrock monitoring wells were installed to depths between 97 and 116 feet during 
1989. These wells are located near the four corners of Paxton II. Because the current ground-
water monitoring program was designed for a non-hazardous waste facility, there is no RCRA 
Subpart F ground-water program for the site. 
Ground-water sample analyses indicate that shallow ground-water quality has been significantly 
degraded by site activity. Based on an internal memorandum issued in 1988 by IEPA (IEPA, 
1988a), the site has no leachate collection system to prevent ground-water migration off site and 
subsequent contamination of surface waters, no vegetative cover to mitigate leachate generation 
from surface water infiltration, no continuous clay liner, and landfilling above the permitted 
elevation. In regards to the lack of a continuous clay liner, much of the site was filled prior to 
the requirement mandating emplacement of clay liners. 
Surficial Deposits 
Water quality samples taken on 2/11/88 for 11 monitoring wells in the shallow sand were obtained 
from IEPA files. Concentrations of chloride ranged from 110 to 3,800 mg/L with a median value 
of 2,400 mg/L. Sulfate ranged from < 10 (BDL) in four wells to 1,600 mg/L, with a median value 
of 21 mg/L. ROE ranged from 1,100 to 13,000 mg/L, with a median value of 6,100. Finally, TOC 
ranged from 14 to 630 mg/L, with a median value of 210 mg/L. 
During another round of sampling on 11/29/88 and 12/1/88 (Roy F. Weston, Inc., 1989), six 
shallow sand monitoring wells were sampled. Concentrations of chloride during this second 
sampling ranged from 84 to 2500 mg/L, with a median value of 1,800 mg/L. Sulfate was above 
the detection limit in only two samples, the concentrations in those samples being 5 and 600 
mg/L. Iron ranged from 2.71 to 30.1 mg/L, with a median value of 11.85 mg/L. ROE ranged 
from 1,300 to 13,000 mg/L, with a median value of 6,950 mg/L. TOC ranged from 20 to 2,200 
mg/L, with a median value of 225 mg/L. 
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Of twenty-four metals analyzed for in samples from the six shallow wells, several were in 
concentrations that exceeded public water-supply water-quality standards (Illinois Pollution 
Control Board, 1984a, 1984b) or secondary maximum contaminant levels as established by the 
USEPA (1982). Excluding iron and manganese concentrations, which exceeded the USEPA 
secondary maximum contaminant levels (03 and 0.05 mg/L) in most samples, three metals 
exceeded water-quality standards in one or more of the samples. The SO µg/L standard for 
chromium was exceeded in one sample, 78.1 µg/L, with three of the remaining five samples having 
concentrations of 18.7,37.4, and 42.6 µg/L. The 10 µg/L standard for cadmium was exceeded in 
three samples, 10.6, 11.5, and 15.7 µg/L, with two of the remaining three samples having 
concentrations of 6.4 and 7.9 µg/L. Lastly, the 50 µg/L standard for lead was also exceeded in 
three samples, 54, 79, and 158 µg/L, with one of the remaining two samples having a 
concentration of 19 µg/L. 
In addition to inorganic analyses, during August 1985 the IEPA sampled for volatile and semi-
volatile organics in eight wells, seven shallow wells between 11 and 26 feet and one well to 40 
feet. Two shallow wells in the area of greatest contamination (G12S and G15S), located near the 
north-central portion of the landfill, had concentrations for some organic compounds in excess 
of 1,000 µg/L. For example, concentrations of selected parameters at wells G12S and G15S were: 
toluene, 4,300 and 1,500 µg/L; tetrahydrofuran, 5,200 and 9,600 µg/L; acetone, 16,000 and 96,000 
µg/L; methoxy aliphatic acid esters, 6,700 and 8,300 µg/L; and, methylethoxy propanol, 380 and 
11,000 µg/L. Total concentrations for both volatile and semi-volatile compounds at wells G12S 
and G15S were 58.54 and 256.17 mg/L, respectively. During a subsequent sampling of well G15S 
in February 1987, total volatile and semi-volatile concentration decreased to 34.91 mg/L with 
fewer detectable compounds than in 1985. 
Shallow monitoring wells located at successively greater distances from this area generally had 
correspondingly fewer detectable organic constituents and lower levels of those organics that were 
detected. Total volatile and semi-volatile concentrations for wells G16S and G17S, located over 
100 feet from G12S and G15S, were 3.16 and 8.62 mg/L, respectively. The concentration of the 
highest single organic compound in these two wells, tetrahydrofuran, was 720 and 4,600 µg/L, 
respectively. Wells G124 and G104, located approximately 1400 feet south and 2,200 feet south-
southeast of G12S and G15S, had total volatile and semi-volatile concentrations of 0.18 mg/L and 
3.17 mg/L. During the 1987 resampling of these wells, total volatile and semi-volatile organic 
compounds increased in wells G104, G16S, and G17S to 0.67, 3.25, and 9.74 mg/L, respectively. 
Total concentration in the sample from well G124 decreased to 1.60 mg/L. 
In order to assess the movement of contaminants downward, concentrations of organic 
compounds were also obtained for 4 samples from wells G12D and G15D. These two wells are 
located adjacent to G12S and G15S, respectively, and are screened in a silt to silty clay layer 
separated from the shallow sand by about 20 feet of silty clay and silty clay till. Well G12D had 
only two detectable organic compounds in the 1985 sampling, 1,2-Diethoxyethane at 18 µg/L and 
tetrahydrofuran at 22 µg/L. In the 1987 sampling neither of these compounds were detected, 
although the total concentration of volatile and semi-volatile organic compounds had increased 
to 15.25 mg/L. Well G15D was not sampled in 1985, but in 1987 no volatiles or semi-volatiles 
were detected at levels above 10 µg/L. 
The most recent analyses obtained for volatile and semi-volatile organic compounds was for the 
sampling period of 11/29/88 and 12/1/89 (Roy F. Weston, Inc., 1989). Of the six shallow sand 
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monitoring wells sampled, four had been sampled for volatile and semi-volatile organic 
compounds in 1987 and three in 1985. Only two of the four wells previously sampled showed any 
significant levels of VOCs or SVOCs. Samples from wells G17S and G124 contained the VOCs' 
1,1,1-trichloroethane at concentrations of 44 and 45 µg/L, respectively, and well G17S had a 
benzene level of 25 fig/L. A sample from one well not tested in 1985 or 1987, G13S, contained 
the VOCs' benzene, ethylbenzene, styrene, and xylene in concentrations of 340, 22, 92, and 340 
µg/L, respectively. In addition, 19 SVOCs were significantly above detection limits in the same 
sample. 
Based on BEPA (1988a) analyses of ground-water samples for both organics and inorganics, it was 
concluded that ground water within the shallow sand unit has the characteristics of both diluted 
industrial waste and municipal landfill leachate. 
Silurian Dolomite Aquifer 
Following their installation, the four new bedrock monitoring wells were sampled once at the end 
of 1988 (11/30/88-12/1/88) and again in early 1989 (2/17/89) by Roy F. Weston, Inc. (1989). The 
results of the inorganic analyses on the samples from 2/17/89 were as follows: chloride 
concentrations for the four dolomite water samples were 30, 810, 110, and 52 mg/L; sulfate 
values were 5 and 20 mg/L with two below the instrument detection limit; ROE levels were 2,000, 
660, 1,300, and 480 mg/L; and, TOC was 13, 35, 8.8, and 15 mg/L. 
Few volatile and semi-volatile organic compounds were detected in water samples from the four 
bedrock wells. Other than acetone, methylene chloride, and phthalate ester compounds detected 
at low levels, and which are commmon laboratory and field introduced contaminants, the only 
compounds detected at levels greater than 10 Mg/L during the two rounds of sampling occurred 
in samples from well G130B. The detected compounds in the two samples from G130B were 
phenol, 35 Mg/L in the 11/30/88 sample and 9 Mg/L in the 2/17/89 sample; 4-methylphenol, 120 
and 18 Mg/L; and, benzoic acid, 42 and 9 µg/L. 
Of twenty-four metals analyzed for in samples from the four Silurian dolomite wells iron, 
manganese, and chromium were the only parameters which exceeded acceptable water-quality 
limits. Iron concentrations in samples from three of the dolomite wells were all between 0.7 and 
1.8 mg/L in the 1988 and 1989 analyses. The fourth well had iron concentrations of 9.23 and 29.5 
mg/L in 1988 and 1989, respectively. All iron levels exceeded the USEPA secondary maximum 
contaminant levels of 0.3 mg/L. Manganese concentrations from three of the four wells sampled 
in 1988 were below the 0.05 mg/L water-quality standard. One sample exceeded the standard and 
had a value of 0.21 mg/L. Two of the four samples exceeded the manganese standard in 1989 
with concentrations of 0.68 and 0.06 mg/L. No detections were made of mercury or cadmium, 
and lead concentrations ranged from below the instrument detection limit to 19 Mg/L. The only 
metal of significant toxicity detected in any of the samples in 1988 and 1989 was chromium. 
Chromium values from the four samples analyzed in 1988 were 13.7, 40.4, 79.9, and 110 Mg/L. 
Values from the 1989 sampling were 13, 45, 54, and 108 Mg/L Two samples from each sampling 
period exceeded the 50 Mg/L standard for chromium. 
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Site 4. Paxton I (IEPA I.D. #0316000002) 
Landfill operations may have occurred as early as the 1930's in the Paxton I area (IEPA, 1986b), 
which is adjacent to the Paxton II site. The filled site area encompasses approximately 47.5 acres. 
Both hazardous and non-hazardous special wastes were accepted for landfilling from 1971 until 
this site closed in 1976 (IEPA, 1986a). An estimated 11 monitoring wells have been constructed 
into the surficial materials at this site. No wells are known to penetrate to bedrock. 
The site geology is generally similar to Paxton II, with fill material on top of sand, which is 
underlain by layers of silty clay, clay, silt, and tills. In many areas the shallow sand has been 
removed and replaced by fill, so that fill lies directly on top of a silty clay layer. Towards the 
center of the site the fill is greater than 50 feet in thickness. 
Surficial Deposits 
Based on a January 1985 internal report by IEPA, all shallow wells showed significant levels of 
contamination with chloride, specific conductance, TOC, and ROE. It was concluded that ground 
water in the upper sand is severely polluted. Some monitoring wells contained significant levels 
of phenols. 
Site 5. LHL #2 (IEPA I.D. #0316000027) 
A closed general municipal waste landfill that operated between 1976 and 1978. The site is 7.5 
acres in size. Six monitoring wells were believed to be on site as of 1986 and ranged in depth 
from 15 to 60 feet Borings indicate the presence of fine sand from 0 to 10 feet and silty clay 
from 10 to 60 feet below land surface. LHL # 2 is surrounded by the Paxton I landfill. 
Southeast of this site is the LHL #1 landfill, which is 10 acres in size. No information was 
obtained about this second LHL site. (Ecology and Environment, 1986). Little information is 
available regarding ground-water quality or potential for ground-water contamination. 
Site 6. Alburn Incinerator (IEPA I.D. #0316000031) 
Formerly American Incinerator Inc., this is a closed hazardous waste incinerator site occupying 
approximately 8 acres. The incinerator operated until late 1982 when it was closed due to RCRA 
and other permit violations. Hazardous wastes continued to be accepted and stored on site until 
January, 1983. At one time the site had 12 underground tanks containing hazardous wastes and 
2 above ground, uncovered concrete tanks containing hazardous wastes (IEPA, 1983). In 
addition, a 1983 inspection found over 6,500 drums, many of which showed signs of leakage. 
USEPA began a cleanup of the site in 1983. 
Although no monitoring wells are located on site, two industrial wells used for site operation were 
at one time available for testing. The two wells, 260 and 300 feet in depth, both pumped ground 
water from the Silurian dolomite aquifer. The driller's log from the 300 foot well has 8 feet of 
slag and 12 feet of fill at land surface overlying 2 feet of clay, 8 feet of additional fill, and 57 feet 
of predominantly clay materials. Total depth to the Silurian dolomite is 96 feet Unfortunately, 
neither of the two wells was ever reported as being properly sealed and abandoned during the 
USEPA cleanup. It is believed that both wells are still fully open from near surface to the 
bedrock, presenting a significant potential for contamination of the Silurian dolomite aquifer. 
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Samples taken from the two dolomite wells on 1/18/83 had acceptable levels of inorganics. The 
following concentrations were obtained from the two wells: calcium, 12.4 and 9.1 mg/L; iron, 0.8 
and 0.4 mg/L; phenols, 0.006 mg/L and BDL; sodium, 95 and 100 mg/L; ROE, 340 and 328 mg/L; 
and, zinc, 4.1 and 1.2 mg/L. In addition, an organic scan revealed levels of trichloroethylene of 
180 and 17 µg/L in the two wells. In addition, the second well listed above had a toluene 
concentration of 10 µg/L and C4-substituted benzenes concentration of 15 µg/L. 
Site 7. Land and Lakes 3 (IEPA I.D. #0316000034) 
This site is an open municipal waste landfill that began operation in 1978. The original permit 
was for an area of about 53 acres of the total site area of approximately 82 acres. Most of the 
information presented in this section was derived from a 1989 report by the IEPA (Brum, 1989). 
Boring logs indicate that Gil material overlies the majority of the site, with thicknesses ranging 
from 2 to 22 feet and consisting of silty clay, clay, sand, brick, concrete, and other inorganic 
debris. The sand unit under the fill ranges from 4 to 10 feet thick and is underlain by a 20 to 72 
foot thick silty clay unit A continuous silt unit runs east-west along the northern edge of the site 
and is approximately 5 feet thick. A discontinuous silt lens runs north-south along the eastern 
edge of the site. In places where the silty clay does not lie on top of the Silurian dolomite there 
is a discontinuous clayey silt or sand and gravel (Bruni, 1989). The bedrock generally is found 
at depths of 75 feet to 100 feet below land surface, with the greater depths found in areas of 
greater fill thickness. 
Ground-water flow in the shallow sand is generally towards Lake Calumet although water-table 
elevation data for 1988 indicates a radial flow pattern from the areas of highest fill elevation 
outwards towards areas of lower topographic elevation. Ground-water flow in the upper part of 
the Silurian dolomite aquifer has generally been westerly. Approximately 800 feet west of the 
landfill are two Silurian dolomite industrial wells operated by Chem Clear, Inc. As of 1987 they 
reportedly pumped an estimated 200,000 gallons per month, creating a local cone of depression 
which can account for the westward gradient of the potentiometric surface. The head in a 
dolomite monitoring well on the northwest corner of the Land and Lakes 3 site reportedly 
declined by about 37 feet between Chem Clear, Incs. start of operation in 1981-1982 and 1985 
(Land Lakes Co., 1987). 
A total of 25 monitoring wells have been installed at this site, 3 of which have been removed, 
leaving 22 existing wells. Eleven wells monitor the upper sand layer and range in depth from 16 
to 27 feet The remaining eleven wells monitor near the top of the Silurian dolomite aquifer and 
range in depth from 80 to 100 feet 
Bruni (1989) identified the facility as having an inadequate leachate collection system and 
recommended that leachate be hauled off site to a permitted treatment facility. It is unknown 
if any changes in handling leachate have been instituted at the site. 
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Surficial Deposits 
Based on a report by Bruni (1989) of the IEPA, ground-water quality in the sand aquifer contains 
several inorganic parameters which exceed maximum allowable concentrations as defined by the 
Safe Drinking Water Act (USEPA, 1982). Using data from IEPA files for seven sampling periods 
between 10/20/84 and 1/26/87 from four shallow monitoring wells (G12S, G14S, G16S, and G18S), 
chloride, sulfate, and ROE concentrations were evaluated. Chloride concentrations in samples 
from the four wells ranged from 18 to 2,250 mg/L. Median chloride concentrations for seven 
samples from each of the wells, presented by order of well number, were 230,260,500, and 1,100 
mg/L, respectively. Sulfate concentrations in the samples ranged from 62 to 2,340 mg/L, with 
median concentrations for each of the wells of 1,820, 110, 550, and 370 mg/L, respectively. 
Finally, ROE concentrations ranged from 410 to 5,680 mg/L, with median concentrations for each 
of the wells of 4,060, 910, 1,730, and 3,570 mg/L, respectively. 
In addition to the inorganic analyses, the IEPA sampled two shallow sand monitoring wells for 
VOCs, SVOCs, and acid-base neutrals on 8/22/85. One well had only 2 compounds detected, 
both less than 5 µg/L. The other well had numerous compounds detected below 10 µg/L, but 
only two at significant concentrations. Tetrahydrofuran was detected at a level of 150 Mg/L and 
aliphatic hydrocarbons were detected at a level of 200 Mg/L. 
Silurian Dolomite Aquifer 
Using data from IEPA Files for seven sampling periods between 10/20/84 and 1/26/87 from four 
dolomite monitoring wells (G11D, G13D, G15D, and G17D), chloride and ROE concentrations 
were evaluated. Chloride concentrations in samples from the four wells ranged from 19 to 1,100 
mg/L. Median chloride concentrations for seven samples from each of the wells, presented by 
order of well number, were 46, 54, 59, and 350 mg/L, respectively. ROE concentrations ranged 
from 200 to 3350 mg/L, with median concentrations for each of the wells of 280, 440, 382, and 
1,715 mg/L, respectively. 
The IEPA sampled five dolomite wells for VOCs, SVOCs, and acid-base neutrals on 8/22/85 and 
detected the following compounds. Tetrahydrofuran was detected in two of the samples at a level 
of 15 µg/L and in two other samples at a level of 30 Mg/L. Aliphatic hydrocarbons were detected 
in four samples at concentrations less than 5 µg/L and in one sample at a level of 25 Mg/L. The 
only other compounds detected were in the the same sample, aliphatic aleohols at 20 Mg/L and 
tetrahydro-2H-pyran at 90 Mg/L. 
Site 8. Metropolitan Water Reclamation District of Greater Chicago #4 (IEPA I.D. 
#0316000048) 
A municipal wastewater treatment sludge drying facility. No monitoring wells are located on site; 
however, three lysimeters are used for obtaining water samples from the vadose zone as part of 
a regular monitoring program. Between October 12 and December 20, 1988, water samples were 
obtained and analyzed from the three lysimeters on six occassions. Ranges of concentrations for 
selected parameters from those analyses are listed below: 
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pH 7.0             - 8.6 
chloride 4                - 228 mg/L 
sulfate 1,724                - 2,630 mg/L 




mercury <.01 µg/L 
Site 9. CID Area 3 (IEPA I.P. #0310390001) 
Special non-hazardous waste disposal site; regulated under RCRA. Operated by Waste 
Management of Illinois. Prior to ownership by Waste Management, portions of this site, in 
addition to Areas 1, 2, and 4 (discussed below), were used for disposal of commercial liquid and 
solid waste, uncontrolled dumping, and contaminated harbor-dredging debris (Herzog, 1988). 
Area 3 opened in 1979 and accepted sanitary refuse, specially permitted hazardous and 
nonhazardous waste, and hazardous waste until January 1983. The wastes included sewage 
sludge, electroplating wastes, incineration ash, and other nonliquid materials. Currently, only 
sanitary and specially permitted nonhazardous wastes are accepted. A leachate collection system -
is in operation on the site. 
CID Area's 3 and 4 are discussed in detail in a 1988 report by Herzog et al. of the Illinois State 
Geological Survey that evaluated ground-water monitoring programs at ten hazardous waste 
disposal facilities in Illinois. Much of the information presented for the CID facility is from that 
report. 
The CID facility is on the north side of the Little Calumet River. Areas 1, 2, 3, and 4 have a 
combined size of approximately 400 acres. Situated on the former lake bed of glacial Lake 
Chicago, the surficial materials of the CID facility are now predominantly fill material. The 
uppermost geologic unit is the Dolton Member of the Equality Formation, which is a silty sand 
probably deposited in a near-shore, shallow-water environment The maximum thickness of the 
Dolton Sand locally is 12 feet, although the sand is absent in places where it was excavated for 
landfilling (Herzog, 1988). 
Beneath the Dolton Sand lies the Wendron Formation, which is decribed as having three units 
of glacially-deposited tills. The basal unit, overlying the bedrock, is a very hard pebbly silty clay 
with occasional cobble and silty zones. The overlying two units are progressively softer, pebbly, 
silty clays. Total thickness of the Wedron Formation is 40 to 90 feet, with an average thickness 
of 60 to 80 feet However, in areas where cells have been excavated for waste disposal, the 
thickness of the Wendron Formation is 20 to 40 feet less. 
Underlying the unconsolidated deposits is the Silurian-age Niagara dolomite, which is 45 to 90 
feet below ground surface. The unit reportedly has two zones of moderate hydraulic conductivity. 
The upper zone is weathered and ranges from 5 to 20 feet in thickness. The depth to the next 
permeable zone is estimated by Canonie (1985a) to be nearly 200 feet (Herzog, 1988). 
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Based on water-levels measured in shallow dolomite wells, ground-water flow at CID is toward 
the southeast and the west Regional ground-water flow within the dolomite has historically been 
towards the southeast The westward diversion of ground-water flow within the weathered 
dolomite has been attributed by Canonie (1985a) to seepage of water into several MWRDGC 
dropshafts located 1 to 3 miles west of the site. 
As of December, 1989, Area 3 had 6 monitoring wells installed in the Dolton Sand, 5 wells in the 
till, and 17 wells installed into the top of the dolomite aquifer. 
Surficial Deposits 
No recent water quality information was acquired for monitoring wells in the Dolton Sand of 
Area 3. However, Herzog et al. (1988) determined ranges of concentrations for selected indicator 
parameters obtained from results of all sampling events between July 1980 and July 1985 at seven 
wells, one of which, G11S, has since been decommissioned. Chloride values in the Dolton Sand 
ranged from 17 to 400 mg/L, ROE ranged from 510 to 8,000 mg/L, and TOC ranged from 11 to 
840 mg/L. Average values for these same parameters, and excluding values from G11S, are 120 
mg/L for chloride, 2,100 mg/L for ROE, and 95 mg/L for TOC. Concentrations of these 
parameters vary significantly both between wells within the Dolton Sand and in comparison with 
samples taken from monitoring wells in the dolomite aquifer. Water samples from the shallow 
monitoring wells generally have lower quality than those from the dolomite. 
Silurian Dolomite Aquifer 
Herzog et al. concluded in their 1988 report that there is no evidence of contamination in the 
dolomite aquifer underlying Area 3 resulting from activities at CID. Evaluation of ground-water 
quality parameters for wells R12D, R15D, and R22D for the sampling period of 1985 through 
1987 (Waste Management of Illinois, Inc., 1987a) shows that inorganic parameters are generally 
within the background limits found in the dolomite aquifer. From 8 to 11 samples were obtained 
and analyzed on a quarterly basis for these three wells; the results for chloride and sulfate are 
presented below: 
Chloride (mg/L) Sulfate (mg/L) 
Well Minimum Maximum Median Minimum Maximum Median 
G12DR 26 29 28                  --                   --                  --
G15DR 43 72 60 <10 58 <10 
G22DR 31 34 32 <10 14 <10 
Samples from these same three wells were also tested for phenol between 1985 and 1987. Phenol 
concentrations were all less than 0.01 mg/L, and in almost all cases were below the instrument 
detection limit of 0.05 mg/L. 
For comparison, chloride concentrations for eleven Area 3 dolomite wells sampled in August, 
1988, ranged from 24 to 240 mg/L with a median value of 53 mg/L. Eight of the 11 samples had 
chloride concentrations below 60 mg/L. Additionally, TOC concentrations of six dolomite wells 
sampled during the first quarter of 1988 ranged from 2.1 to 3.7 mg/L. Further compilations of 
ground-water quality data are found in Herzog et al. (1988). 
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Volatile and semi-volatile organic constituents in samples from dolomite wells in Area 3 have 
generally been below instrument detection limits. Based on ground-water sample analyses 
obtained from IEPA for nine wells between 1986 and 1988, few significant detections of organic 
constituents were obtained. The only well with significantly high levels of organic parameters was 
A14D, located near the northeast corner of Area 3. Analysis of a water sample from June 17, 
1987, revealed the presence of the volatile compounds benzene and toluene at concentrations of 
84.5 and 151 µ/L, respectively. Results of a September 3, 1987 sampling of well A14D had 
benzene and toluene concentrations of 170 and 230/xg/L, respectively, in addition to total xylene's 
of 234 µg/L and ethylbenzene of 26 µg/L. 
The nine monitoring well water samples were also tested for arsenic, chromium, cadmium, and 
cyanide. These parameters were all below the instrument detection limits of 10 µg/L for arsenic, 
10 µg/L for chromium, 5 µg/L for cadmium, and 0.02 µg/L for cyanide. 
It was concluded in a report by Waste Mangement of Illinois, Inc. (1987b) that based on both 
organic and inorganic analyses and local ground-water gradients, the source of the volatile 
organics was coming from an off-site source of fuel or fuel product However, the IEPA, upon 
evaluating the report by Waste Management, concluded that insufficient information was available 
to conclude an off-site source of contamination and that further borings and monitoring wells 
would be necessary in the area of contamination (IEPA, 1988b).  
Site 10. CID Areas 1 & 2 (IEPA I.D. #0316000030) 
Closed general and municipal waste landfills. Operated by Waste Management of Illinois. These 
areas were opened in 1975 and accepted sanitary refuse, sewage sludge, and special nonhazardous 
permitted waste. Both areas closed prior to RCRA and ground-water monitoring is not required. 
However, five monitoring wells were installed prior to 1980. None of these wells penetrated the 
dolomite aquifer. Water quality information for selected indicator parameters at this site are 
found in Herzog et al. (1988). 
Site 11. CID Area 4 (IEPA I.D. #0310390001) 
Hazardous waste disposal facility; regulated under RCRA. Operated by Waste Management of 
Illinois and opened in 1983. A leachate collection system is in operation on the site. 
As of December, 1989, Area 4 had 10 monitoring wells installed in the Dolton Sand, 3 wells in 
the till, and 10 wells installed into the top of the dolomite aquifer. 
Surficial Deposits 
Quarterly monitoring reports submitted by Waste Management for the period between August 
1984 and January 1987 were obtained from IEPA files. Eight sample analyses for each of nine 
monitoring wells, installed in the Dolton Sand and ranging in depth from 12 to 22 feet, were 
compiled. Minimums, maximums, and medians are given for chloride, sulfate, ROE, and TOC 
below: 
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In addition to the inorganic parameters summarized above, chromium, nickel, phenol, toluene, 
xylene, and 1,1,1-trichloroethane were analyzed for in samples from ten of the Dolton Sand 
monitoring wells. Chromium concentrations were determined on shallow ground-water samples 
four to five times between August 1984 and April 1985. All levels were below the minimum 
detection limits, which ranged from 10 to 50 µg/L Nickel was also tested for during this period 
and was generally below the minimum detection limit of 20 to 100 µg/L in samples from eight of 
the ten monitoring wells. Two wells, G204 and G213, had levels of nickel consistently above the 
detection limit during this period. Nickel concentrations in these two wells ranged from 167 to 
207 µg/L. 
Between August 1984 and January 1987, eight samples were taken from the ten Dolton Sand 
monitoring wells and analyzed for the the priority pollutant phenol. Nine of the ten wells 
generally had phenol concentrations near or below the minimum detection limits of 5 and 10 
µg/L. Only one well, G213, consistenly had samples with phenol levels greater than the detection 
limit. Phenol levels in samples from G213 ranged from 12 to 66 µg/L from 1984 thorough 1987. 
The other volatile organic parameters tested for during this period, toluene, xylene, and 1,1,1-
trichloroethane, were all below respective detection limits of 6 to 10 µg/L, 10 µg/L, and 3.8 to 10 
µg/L, respectively. 
98 
Chloride (mg/L) Sulfate (mg/L) 
Well Minimum Maximum Median Minimum Maximum Median 
G201 1 370 81 40 500 295 
G204 1,400 3,400 2,593 10 250 125 
G205 140 210 170 710 1300 1,170 
G207 59 810 505 450 910 665 
G209 980 2,310 1,410 500 890 595 
G213 — — — — — — 
G217 — — — 730 1,600 1,030 
G219 — — — 560 1,900 1,545 
G221 — — — 57 455 254 
ROE (mg/L) TOC (mg/L) 
Well Minimum Maximum Median Minimum Maximum Median 
G201 900 1,440 1,260 32 8.6 4.85 
G204 4,210 8,100 6,015 63 190 85 
G205 1,950 2,900 2,625 4.4 20 5.75 
G207 2,230 3,600 2,415 17 60 28.5 
G209 3,200 6,120 3,915 6.9 19.5 15 
G213 7,440 10,370 8,300 250 420 325 
G217 3,040 4,900 3,560 15 51 18 
G219 2330 5,530 4,135 18.6 22 14 
G221 3,840 11,700 6,395 12 46 39 
Water samples taken from monitoring wells in the Dolton Sand at Area 4 are significantly lower 
in quality than those from the dolomite aquifer. No clear trends are apparent in most wells based 
on the 2 1/2 years of analyses presented above. As concluded by Herzog et al. (1988), additional 
historical data is required to determine if the source of high indicator values in some wells is 
recent land-filling activities or uncontrolled dumping activities that occurred prior to establishment 
of the permitted site. 
Silurian Dolomite Aquifer 
As with Area 3, Herzog et al. concluded in their 1988 report that there is no evidence of 
contamination in the dolomite aquifer underlying Area 4 resulting from activities at CED. Based 
on samples collected and analyzed from 10 monitoring wells in August, 1988 by Waste 
Management and submitted to the IEPA, chloride levels range from 30 to 280 mg/L, with a 
median value of 38 mg/L. Eight of the ten samples were less than 42 mg/L. In addition, four of 
the above ten wells were sampled on 12 occasions between May, 1988 and April, 1989. Chloride 
levels in the samples from wells A03D, G04D, G05D, and G220 ranged from 6 to 390 mg/L, with 
median values of 271, 48, 35, and 32 mg/L, respectively. 
TOC concentrations were determined from water samples from 8 wells sampled on five occasions 
between the first quarters' of 1986 and 1988. TOC levels in samples from seven of the wells 
ranged from 1.2 to 4.0 mg/L during this period. Samples from the eighth well had TOC levels 
ranging from 6 to 8 mg/L 
Of the ten dolomite monitoring wells sampled in 1988 in Area 4, no significant levels of volatile 
or semi-volatile organic compounds were detected. Based on the available information, there is 
no evidence of contamination of the dolomite aquifer from waste disposal activities on the site. 
Additional information on ground-water quality at this facility is available from Herzog et al. 
(1988). 
Site 12. Land and Lakes. Dolton (IEPA I.D. #0310690003) 
General and non-hazardous special waste landfill. See Land and Lakes 1 & 2 for discussions 
about site geology and ground-water chemistry. 
Site 13. Cottage Grove Landfill (IEPA I.D. #0310690005) 
General muncipal waste landfill that operated under permit from 1976 through 1982. This site 
is immediately west of Land and Lakes 1 & 2 and south of the Little Calumet River. The site 
encompasses approximately 18 acres. At one time there were two shallow monitoring wells on 
site. Their present status is unknown. 
Water samples taken from the two monitoring wells in March of 1982 by the IEPA had elevated 
levels, in excess of water quality standards, for boron, fluoride, copper, manganese, phenolics, 
potassium, and sulfate (IEPA, 1984). 
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Site 14. Land and Lakes 1 & 2 (IEPA I.D. #0316000005 & #0316000028) 
These two sites are adjacent and operate as one general and non-hazardous special waste landfill. 
The Land and Lakes Dolton landfill is located immediately to the south of Land and Lakes 1 & 
2. Land and Lakes 1 & 2 are approximately 73 acres in size; the Dolton facility is a S3 acre site. 
All three Land and Lakes facilities, 1, 2, and Dolton, will be discussed together in this section. 
The Little Calumet River forms the northern edge of the Land and Lakes 1 & 2 sites. Previous 
to 1974, and beginning in the mid 1950's, sites 1 & 2 operated as part of the Cottage Grove 
Landfill; waste types and quantities from this prior landfill are unknown. Land and Lakes began 
operations at this site in 1974 (Ecology and Environment, Inc., 1986). 
The Land and Lakes' sites are generally underlain by SO to 60 feet of unconsolidated deposits 
before the Silurian dolomite bedrock is reached. Approximately 10 to 15 feet of lacustrine 
sediments, including sandy silt, silty sand, and clay, are found underneath the fill. Underlying the 
lacustrine sediments is 40 to 50 feet of dense, silty and clay-rich till (Land and Lakes Company, 
1988). 
Ground-water monitoring has been conducted at the three facilities since 1974. Currently, there 
are 8 monitoring wells at sites 1 & 2, four in the unconsolidated deposits and ranging in depth 
from 15 to 31 feet below land surface, and four in the dolomite and ranging in depth from 47 to 
65 feet below land surface. The Dolton facility has 12 monitoring wells, Gve in the 
unconsolidated deposits and ranging in depth from 17 to 32 feet below land surface, and seven 
in the dolomite and ranging in depth from 55 to 63 feet below land surface. 
Ground-water flow directions within the surficial materials is generally northwards, towards the 
Little Calumet River. This is the natural discharge point for the water table in this area. Unlike 
the shallow deposits, the Silurian dolomite aquifer does not discharge to surface waters in this 
area. It is separated hydraulically from the Little Calumet River. Ground-water flow in the 
dolomite from 1983 through 1986 was clearly to the southeast, which is the natural flow direction 
of ground water within the dolomite. Beginning in 1987 the flow direction shifted to a more 
easterly direction, and by 1988 the flow direction was to a north-northeasterly direction (Land and 
Lakes Company, 1988). The causes of this change in flow direction are uncertain. 
Surficial Deposits 
Utilizing quarterly ground-water quality reports submitted to the IEPA as part of the regulated 
monitoring of the Land and Lake's facilities, some general statistics were compiled for chloride, 
sulfate, ROE, and TOC at six shallow wells. Depending on the specific well, between 9 and 13 
samples were collected on a quarterly basis between 8/29/83 and 11/21/88. A summary of choride, 
sulfate, ROE, and TOC concentrations in samples from these wells follows: 
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Chloride (mg/L) Sulfate (mg/L) 
Well Minimum Maximum Median Minimum Maximum Median 
G11S 300 670 485 — — — 
G12S 200 2,840 2,300 — — — 
G101 47 160 105 780 1,580 1,230 
G105 19 100 61 120 730 375 
G14S 11 100 16 110 1,480 980 
G15S 1% 1,230 820 220 432 280 
ROE (mg/L) TOC (mg/L) 
Well Minimum Maximum Median Minimum Maximum Median 
G11S — — — — — — 
G12S — — — — — — 
G101 1,610 2,990 2,650 3.8 29 13.5 
G105 480 1,994 1,115 2.5 6.7 4.4 
G14S 1,100 2,950 2,000 2.3 73 3.1 
G15S 1,720 2,950 2,280 5.0 11.0 7.2 
No chemical analyses for metals, VOCs, or SVOCs were obtained for shallow wells at this site. 
Silurian Dolomite Aquifer 
Water samples were obtained from four dolomite wells and analyzed for chloride, ROE, and TOC 
on a quarterly basis between 8/29/83 and 11/21/88. From 10 to 13 quarterly samples were 
obtained from each of the wells. The results of the analyses are as follows: 
Chloride (mg/L) 
Well Minimum Maximum Median 
G11D 24 890 198 
G12D 120 540 190 
G14D 31 651 37 
G15D 110 630 170 
ROE (mg/L) TOC (mg/L) 
Well Minimum Maximum Median Minimum Maximum Median 
G11D 390 3,590 1,995             --             --             --
G12D 700 6,870 1,050             --             --             --
G14D 360 2,380 530 5.2 31 9.7 
G15D 660 2,340 720 4.0 7.4 5.7 
No chemical analyses for metals, VOCs, or SVOCs were obtained for dolomite wells at this site. 
Site 15. U.S. Scrap (IEPA LP. #0316000022) 
This facility is a closed illegal hazardous waste disposal site currently being investigated and 
cleaned up under the jurisdiction of the USEPA. Most of the information presented here was 
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obtained from site investigation reports made available for use by the USEPA, Region V. The 
approximately 9.5 acre site is generally underlain by 0 to 15 feet of construction fill, U.S. Scrap 
Fill, and assorted waste materials. Beneath the Fill is 10 to 35 feet of a weathered till consisting 
of a brown, fractured, silty clay, which in turn is underlain by an estimated 25 to 35 feet of a 
massive unweathered till, also composed of silty clay. Depth to the dolomite bedrock typically 
ranges from 63 to 75 feet below land surface. Seventeen monitoring wells are within or adjacent 
to the U.S. Scrap site, five within the Silurian dolomite aquifer and twelve within the 
unconsolidated deposits. 
Surficial Deposits 
Shallow monitoring wells range in depth from 8 to 40 feet below land surface. Samples from the 
wells were taken during November, 1987 and analyzed for a wide range of inorganic and organic 
constituents. The results of the analyses were obtained from the USEPA, Region V. Of 24 
metals tested for in ten of the water samples, 6 of the more toxic metals are presented here. 
Arsenic was undetected in all of the samples; cadmium occurred in three samples at levels less 
than 10 µg/L; chromium occurred in three samples at levels of 15, 46.5, and 102 µg/L; lead 
occurred in three samples at levels of 3.8, 9.6, and 12 /tg/L; and mercury appeared in two samples 
at levels below 1 µg/L. Nickel, found in all ten samples, ranged from 39.3 to 1,090 µg/L with a 
median value of 227 µ/L. 
Analyses of samples from the shallow monitoring wells for organic compounds showed that three 
of the shallow wells, ranging in depth from about 12 to 20 feet below land surface, had extremely 
high levels of both volatile and semi-volatile organic compounds. For example, one 12 foot well 
had the following compounds: xylene, 22,000 µg/L; toluene, 35,000 µg/L; 1,2-dichloroethane, 
13,000 µg/L; acetone, 92,000 µg/L; benzene, 8,600 µg/L; and, phenol, 29,000 µg/L. Numerous 
other organic compounds were detected in this same well, with total identiGable VOCs of 251,800 
µg/L and total identiGable SVOCs of 43,900 µg/L. Similarly, the 20 foot monitoring well had total 
identiGable VOCs of 6,974 µg/L, although total identiGable SVOCs were considerably lower at 
325.2 µg/L. Ground-water samples from other wells, particularly those screened in the 
unweathered till, generally had either negligible or significantly lower levels of VOCs and SVOCs. 
Based on a review of the water sample analyses from ten of the shallow monitoring wells, it can 
be concluded that the ground water within the upper Fill deposits and weathered till is severely 
contaminated with volatile and semi-volatile organic compounds in some areas of the site. No 
PCBs or pesticide contaminants were found in any of the wells sampled. Contamination of 
ground water from metals is relatively minor. 
Silurian Dolomite Aquifer 
Monitoring wells screened within the Silurian dolomite range in depth from 70 to 124 feet below 
land surface. Analyses of samples from the Five dolomite wells, obtained in November, 1987, 
typically have either no detectable concentrations or low concentrations of the more toxic metals. 
Arsenic was detected in one sample, 30.3 µg/L; cadmium occurred in one sample, 6.4 µg/L; 
chromium occurred in three samples at levels of 8.9, 15.8, and 15.9 µ/L; lead occurred in two 
samples at levels of 11.6 and 12 µg/L; mercury was undetected; and, nickel occurred in three 
samples at levels of 11.7, 31.6, and 153 µg/L The 153 µ/L nickel concentration occurred in the 
sample from well G105, the shallowest of the Gve bedrock wells and located within about 85 feet 
of an abandoned well. 
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Analyses of samples from four of the five bedrock wells for organic compounds showed that none 
of the samples had total detectable VOCs or SVOCs exceeding 25 Mg/L. Three samples had no 
detectable SVOCs, and VOC concentrations for these same samples were 1.0,5.4, and 11.0 µg/L. 
The fourth sample had total VOCs of 21.6 µg/L, 12 µg/L of which was acetone, and total SVOCs 
of 24 µg/L. A fifth sample, obtained from monitoring well G105, had total detectable VOCs of 
7,790 µg/L and SVOCs of 71.5 µg/L. The two major VOCs identified were ethylbenzene and 
xylene, in concentrations of 1,800 and 5,800 µg/L, respectively. 
Based on the above results from analyses of samples from the five bedrock wells, it can be 
concluded that there is no general contamination of the dolomite aquifer. However, the high 
concentration of some parameters within a sample from well G105, notably ethylbenzene and 
xylene, suggests that there is a source of localized contamination within the dolomite. An 
abandoned well located within approximately 85 feet of G105 is a likely source of that 
contamination. 
Site 16. Inland Metals Refining Co. (IEPA I.D. #0316500001) 
A hazardous waste generation and storage facility, this site began operations in 1948 and is now 
permanently closed. Activities on the site while still active involved refining of non-ferrous 
metals. Eight monitoring wells are believed to be present on site, with four screened in the 
shallow unconsolidated materials and four in the Silurian dolomite. 
Surficial Deposits 
The ground-water gradient in the shallow deposits is towards Lake Calumet Monitoring wells 
on site have been found to have elevated levels of arsenic, cadmium, chromium, lead, mercury, 
tin, and zinc. Concentrations of selected constituents from three shallow monitoring wells 
sampled by the IEPA on 7/17/85 are listed below: 
WeU Chloride ROE Arsenic Cadmium Chromium Lead Zinc 
Number mg/L mg/L µg/L µg/L µg/L µg/L µg/L 
G101 10,150 30,600 317 68 1307 35,00 14,250 
G102 3,440 10,900 154 70 278 10,000 7,500 
G103 5,800 16,290 170 1,600 82 9,200 31,000 
Two of these wells were resampled by the IEPA on 3/16/88, concentrations of selected 
parameters from this second sampling are: 
WeU Arsenic Cadmium Chromium Lead Zinc 
Number µg/L µg/L µg/L µg/L µg/L 
G101 48 5 174 7,705 2,475 
G102 378 110 852 21,320 28,500 
In addition to the above constituents, the contaminant 2,4-dimethylphenol has been detected in 
shallow monitoring wells. The presence of this organic compound lends support to the 
supposition that some contamination in the shallow ground water may be from the Sherwin 
Williams facility immediately to the north. 2,4-dimethylphenol is used in the manufacture of 
plastics, resins and insecticides, in addition to other uses. 
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Silurian Dolomite Aquifer 
Sample analyses for the dolomite monitoring wells were obtained from IEPA files for the 
sampling dates 7/20/83, 10/21/83, 1/27/84, and 8/13/84. Few signs of contamination were evident 
from the sample analyses. The most signiGcant concentration was a phenol level of 69 µg/L 
found in a sample from one of the four deep wells. However, the chloride level in this same 
sample was 1,405 mg/L, suggesting that this particular deep monitoring well may not have been 
properly sealed. 
Site 17, Sherwin Williams and PMC Specialities Group (IEPA I.D. #0316500003) 
Sherwin Williams is a paint product manufacturer. The Sherwin Williams Chemical Division, 
located adjacent to other Sherwin Williams facilities, was acquired by the PMC Specialties Group. 
Both sites are identified by IEPA as hazardous waste generator and storage facilities (IEPA, 
1986). 
This area had once been part of Lake Calumet and filling has taken place for 70 to 80 years. At 
the south end of the property is an old landfill estimated to be 14 acres in size. No information 
is available on types of waste or quantities disposed of. Shallow monitoring wells are located 
throughout the property and are sampled by both the IEPA and Sherwin Williams. Heavy metals, 
in particular arsenic and lead, and phenols have been detected in water samples from some 
monitoring wells. The shallow ground-water gradient is towards Lake Calumet 
Site 18, Metropolitan Water Reclamation District of Greater Chicago. Sludge Drying Facility 
(IEPA I.D. #0316000011) 
The MWRDGC operates this site as a sludge drying and disposal site. The center portion of the 
site is a closed and covered general refuse sanitary landfill known as the Chicago Municipal 
Landfill. 
Surficial Deposits 
No monitoring wells in the surficial deposits. 
Silurian Polomite 
Four monitoring wells are installed into the top of the Silurian dolomite aquifer and range in 
depth from 119 to 167 feet below land surface. Utilizing ground-water quality reports submitted 
to the IEPA as part of the regulated monitoring of the facility, statistics were compiled for 
chloride, sulfate, ROE, and TOC at the four dolomite wells. Depending on the specific well, the 
data is derived from 10 to 12 samples collected between 7/28/83 and 7/24/89. A summary of 
choride, sulfate, ROE, and TOC concentrations in samples from these wells follows: 
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Chloride (mg/L) Sulfate (mg/L) 
Well Minimum Maximum Median Minimum Maximum Median 
G101 26 32 31 0 17 4.5 
G102 42 98 66 0 16 1 
G103 26 39 35 0 84 5.5 
G104 38 87 51.5 0 20 6 
ROE (mg/L) TOC(mg/L) 
Well Minimum Maximum Median Minimum Maximum Median 
G101 182 358 269 2 9 2.5 
G102 412 538 480 2 5 2.5 
G103 280 492 331 2 12 4 
G104 312 450 368 3 6 4 
In addition to the above parameters, the metals cadmium, lead, nickle, and mercury were analyzed 
in samples collected on 7/24/89. The concentration of cadmium was below the detection limit of 
2.0 µg/L in samples from two of the wells and equal to 2.0 in samples from the other two wells. 
Concentrations of lead, nickle, and mercury in samples from all four wells were below the method 
detection limits of 20, 100, and 0.1 µg/L, respectively. 
Based on both the above analyses and additional information not presented here, it can be 
concluded that there is no indication of ground-water contamination in the dolomite at this 
location. 
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Appendix B. Ground-Water Sample Analyses for Inorganic Parameters 
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p.1 Units = mg/L 
SAMPLE AG AL AS B BA BE CA 
001 <0.010 <0.027 <0.050 3.01 0.024 <0.005 49.85 
002 <0.010 <0.027 <0.050 2.10 0.005 <0.005 10.71 
003 <0.010 <0.027 <0.050 1.98 0.020 <0.005 11.93 
004 <0.010 <0.027 <0.050 1.97 0.014 <0.005 12.10 
005 <0.010 <0.027 <0.050 1.64 0.062 <0.005 15.96 
006 <0.010 <0.027 <0.050 1.66 0.063 <0.005 16.47 
007 <0.010 <0.027 <0.050 0.44 <0.001 <0.005 < 0.10 
008 <0.010 <0.027 <0.050 1.64 0.012 <0.005 14.99 
009 <0.010 <0.027 <0.050 3.58 0.021 <0.005 19.47 
010 <0.010 <0.027 <0.050 3.51 0.059 <0.005 64.31 
Oil <0.010 <0.027 <0.050 2.42 0.018 <0.005 42.37 
012 <0.010 <0.027 <0.050 0.80 0.054 <0.005 73.93 
013 <0.010 <0.027 <0.050 0.88 0.047 <0.005 73.69 
014 <0.010 <0.027 <0.050 2.58 0.001 <0.Q05 1.96 
015 <0.010 <0.027 <0.050 5.97 0.422 <0.005 205 
016 <0.010 <0.027 <0.050 2.29 0.035 <0.005 86.04 
017 <0.010 <0.027 <0.050 2.22 0.001 <0.005 2.58 
018 <0.010 <0.027 <0.050 1.52 0.020 <0.005 4.70 
019 <0.010 <0.027 <0.050 1.96 0.015 <0.005 13.91 
020 <0.010 <0.027 <0.050 1.95 0.015 <0.005 13.98 
CRAVENS: LAKE CALUMET PROJECT, JUNE 1990 
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P.2 Units = mg/L 
SAMPLE CD CR CU FE HG K MG 
001 <0.005 <0.010 0.017 0.026 <0.05 6.54 24.08 
002 <0.005 <0.010 <0.009 0.015 <0.05 2.81 3.34 
003 <0.005 <0.010 <0.009 0.091 <0.05 2.77 4.88 
004 <0.005 <0.010 <0.009 0.072 <0.05 2.24 4.57 
005 <0.005 <0.010 <0.009 0.139 <0.05 2.07 6.98 
006 <0.005 <0.010 <0.009 0.148 <0.05 1.85 7.17 
007 <0.005 <0.010 <0.009 <0.015 <0.05 <1.33 <0.10 
008 <0.005 <0.010 <0.009 0.066 <0.05 1.91 5.77 
009 <0.005 <0.010 <0.009 0.160 <0.05 4.47 7.39 
010 <0.005 <0.010 <0.009 0.382 <0.05 7.66 28.97 
011 <0.005 <0.010 <0.009 0.168 <0.05 3.71 18.33 
012 <0.005 <0.010 <0.009 0.577 <0.05 4.85 40.72 
013 <0.005 <0.010 <0.009 0.487 <0.05 4.84 40.34 
014 <0.005 <0.010 <0.009 <0.015 <0.05 2.14 0.91 
015 <0.005 <0.010 0.017 21.015 <0.05 9.69 56.79 
016 <0.005 <0.010 0.375 7.804 <0.05 4.79 36.77 
017 <0.005 <0.010 <0.009 0.321 <0.05 3.12 1.37 
018 <0.005 <0.010 0.095 1.012 <0.05 2.44 3.15 
019 <0.005 <0.010 <0.009 0.041 <0.05 2.69 5.42 
020 <0.005 <0.010 <0.009 0.041 <0.05 2.61 5.43 
CRAVENS: LAKE CALUMET PROJECT, JUNE 1990 
108 
P.3 Units = mg/L 
SAMPLE MN MO NA NI P PB S 
001 0.013 <0.014 148 <0.017 <0.17 <0.033 95.0 
002 <0.005 <0.014 98.5 <0.017 <0.17 <0.033 2.51 
003 0.013 <0.014 83.1 <0.017 <0.17 <0.033 <0.11 
004 <0.005 <0.014 92.1 <0.017 <0.17 <0.033 <0.11 
005 <0.005 0.021 78.6 <0.017 <0.17 <0.033 <0.11 
006 <0.005 0.018 81.6 <0.017 <0.17 <0.033 <0.11 
007 <0.005 <0.014 <0.14 <0.017 <0.17 <0.033 <0.11 
008 <0.005 0.032 91.6 <0.017 <0.17 <0.033 <0.11 
009 0.007 <0.014 187 <0.017 <0.17 <0.033 0.45 
010 0.012 <0.014 254 <0.017 <0.17 <0.033 71.6 
011 0.011 <0.014 138 <0.017 <0.17 <0.033 78.5 
012 0.039 <0.014 27.4 <0.017 <0.17 <0.033 25.4 
013 0.039 <0.014 27.1 <0.017 <0.17 <0.033 25.8 
014 <0.005 <0.014 153 <0.017 <0.17 <0.033 <0.11 
015 0.113 <0.014 217 <0.017 <0.17 <0.033 0.38 
016 0.076 <0.014 136 <0.017 <0.17 0.042 172 
017 0.009 <0.014 132 <0.017 <0.17 <0.033 <0.11 
018 0.013 <0.014 77.4 <0.017 <0.17 <0.033 <0.11 
019 <0.005 <0.014 87.8 <0.017 <0.17 <0.033 0.49 
020 <0.005 <0.014 88.4 <0.017 <0.17 <0.033 0.49 
CRAVENS: LAKE CALUMET PROJECT, JUNE 1990 
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P.4 Units - mg/L 
SAMPLE SB SE SI SR TL V ZN 
001 <0.16 <0.60 6.10 1.43 <0.15 <0.013 0.137 
002 <0.16 <0.60 4.35 0.260 <0.15 <0.013 <0.008 
003 <0.16 <0.60 5.52 0.391 <0.15 <0.013 0.015 
004 <0.16 <0.60 5.16 0.374 <0.15 <0.013 <0.008 
005 <0.16 <0.60 5.41 0.516 <0.15 <0.013 <0.008 
006 <0.16 <0.60 5.56 0.535 <0.15 <0.013 0.008 
007 <0.16 <0.60 <0.16 <0.001 <0.15 <0.013 <0.008 
008 <0.16 <0.60 4.80 0.477 <0.15 <0.013 0.092 
009 <0.16 <0.60 5.74 0.566 <0.15 <0.013 <0.008 
010 <0.16 <0.60 7.11 2.78 <0.15 <0.013 0.078 
011 <0.16 <0.60 5.89 1.56 <0.15 <0.013 0.023 
012 <0.16 <0.60 7.65 0.869 <0.15 <0.013 0.009 
013 <0.16 <0.60 7.60 0.862 <0.15 <0.013 <0.008 
014 <0.16 <0.60 4.07 0.047 <0.15 <0.013 <0.008 
015 0.21 <0.60 24.2 4.48 <0.15 <0.013 1.47 
016 <0.16 <0.60 5.28 3.40 <0.15 <0.013 1.46 
017 <0.16 <0.60 3.23 0.059 <0.15 <0.013 0.176 
018 <0.16 <0.60 2.69 0.127 <0.15 <0.013 0.857 
019 <0.16 <0.60 4.88 0.381 <0.15 <0.013 0.040 
020 <0.16 <0.60 4.87 0.383 <0.15 <0.013 0.047 
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P.5 Except for pH, units are mg/L. . Alkalinity is mg/L as CaCO3. 
LAB TDS TDS 
SAMPLE NH 
4 
pH ALK. PO4 F NO3 NO2 C1 sO4 104°C 180°C 
001 0.15 8.2 258 <0.1 1.1 0.1 <0.1 11.5 278 711 670 
002 0.02 8.3 202 <0.1 1.4 0.1 <0.1 37.7 6.9 319 301 
003 0.09 8.3 178 <0.1 1.1 <0.1 <0.1 45.6 <0.9 311 279 
004 0.09 8.2 207 <0.1 1.2 <0.1 <0.1 38.0 <0.9 311 293 
005 0.13 8.3 184 <0.1 1.1 <0.1 <0.1 47.9 <0.9 291 274 
006 0.12 8.1 186 <0.1 1.0 <0.1 <0.1 47.5 <0.9 314 293 
007 <0.02 5.4 2.2 <0.1 <0.1 <0.1 <0.1 <0.3 <0.9 22 11 
008 0.09 8.1 193 <0.1 1.2 <0.1 <0.1 59.3 <0.9 349 321 
009 0.18 7.7 374 <0.1 1.3 <0.1 <0.1 96.0 <0.9 587 564 
010 0.37 7.7 457 0.9 0.9 <0.1 <0.1 189 154 1169 1149 
011 0.16 7.9 213 <0.1 1.1 <0.1 <0.1 25.8 207 683 670 
012 0.20 7.7 335 <0.1 0.7 <0.1 <0.1 18.9 81.7 505 475 
013 0.20 7.8 336 <0.1 0.7 <0.1 <0.1 18.8 82.8 499 472 
014 0.03 8.8 282 <0.1 3.7 <0.1 <0.1 41.8 <0.9 420 405 
015 0.50 6.5 1209 <0.1 1.1 <0.1 <0.1 15.9 <0.9 1441 1393 
016 0.18 8.1 142 <0.1 0.8 <0.1 <0.1 15.2 544 1017 974 
017 0.05 8.4 276 <0.1 3.1 <0.1 <0.1 24.9 <0.9 382 371 
018 0.03 8.4 156 <0.1 1.4 <0.1 . <0.1 33.2 <0.9 256 247 
019 0.07 8.4 196 <0.1 1.1 <0.1 <0.1 51.8 1.6 315 300 
020 0.07 8.2 194 <0.1 1.1 <0.1 <0.1 51.8 1.6 312 297 
CRAVENS: LAKE CALUMET PROJECT, JUNE 1990 
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LAKE CALUMET SAMPLES, MG/L 
SAMPLE AG AL AS B BA BE CA 
021 <0.010 0.069 <0.050 1.71 0.012 <0.005 8.94 
022 <0.010 <0.027 <0.050 1.65 0.015 <0.005 14.31 
023 <0.010 <0.027 <0.050 1.68 0.016 <0.005 14.43 
024 <0.010 <0.027 <0.050 <0.05 <0.001 <0.005 <0.10 
025 <0.010 0.042 <0.050 1.83 0.009 <0.005 18.41 
SAMPLE CD CR CD FE K MG MN 
021 <0.005 <0.010 <0.009 0.041 2.87 4.74 0.007 
022 <0.005 <0.010 <0.009 0.028 2.76 5.56 0.005 
023 <0.005 <0.010 <0.009 0.029 2.73 5.64 0.005 
024 <0.005 <0.010 <0.009 <0.015 <1.33 <0.10 <0.005 
025 <0.005 <0.010 <0.009 0.073 3.49 9.23 0.029 
SAMPLE MO NA NI P PB S SB 
021 <0.014 90.5 <0.017 0.23 <0.033 0.46 <0.16 
022 0.029 76.5 <0.017 <0.17 <0.033 <0.11 <0.16 
023 0.030 77.6 <0.017 <0.17 <0.033 <0.11 <0.16 
024 <0.014 <0.14 <0.017 <0.17 <0.033 <0.11 <0.16 
025 <0.014 145 <0.017 0.79 <0.033 30.6 <0.16 
HARDNESS 
SAMPLE SE SI SR TL V ZN AS CAC03 
021 <0.60 4.08 0.227 <0.15 <0.013 <0.001 41.8 
022 <0.60 4.07 0.394 <0.15 <0.013 <0.000 58.6 
023 <0.60 4.11 0.400 <0.15 <0.013 <0.001 59.3 
024 <0.60 <0.16 <0.001 <0.15 <0.013 <0.001 <0.7 
025 <0.60 4.05 0.314 <0.15 <0.013 <0.000 84.0 
LAB TDS TDS 
SAMPLE NH4 pH ALK. PO4 F NO3 NO2 Cl SO4 104°C 180°C 
021 0.24 8 .4 176 0.5 1.0 <0. 1 <0.1 40.2 0.9 266 261 
022 0.12 8 .3 171 <0.1 1.2 <0. 1 <0.1 28.7 <0.9 250 239 
023 0.14 8 .3 170 <0.1 1.2 <0. 1 <0.1 28.7 <0.9 246 235 
024 <0.02 5 .6 <2 <0.1 <0.1 <0. 1 <0.1 <0.3 <0.9 <1 <1 
025 0.10 8 .3 239 1.4 1.2 <0. 1 <0.1 29.4 107 469 462 
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